Green building guidelines at Nelson Mandela Metropolitan University by Smit, Gerrit
GREEN BUILDING GUIDELINES AT NELSON 
MANDELA METROPOLITAN UNIVERSITY 
 
 
 
 
 
GERRIT SMIT 
 
Student Number  
(212455052) 
 
 
 
 
Submitted in fulfilment of the requirements for the degree of  Masters of 
Technology in Construction Management  
 
Faculty of Engineering, the Built Environment and Information Technology 
 
AT 
 
Nelson Mandela Metropolitan University 
 Port Elizabeth 
 
 
 
 
 
 
Supervisor:  Prof Kobus Van Wyk 
Co-Supervisor: Prof Miemie Struwig 
 
September 2013
DECLARATION 
 
i 
 
DECLARATION 
MTECH CANDIDATE 
 
I, Gerrit Smit, student number 212455052 hereby declare that the dissertation, 
Green building guidelines at Nelson Mandela Metropolitan University, for the 
Master of Technology, is my own work and that it is has not previously been 
submitted for assessment or completion of any postgraduate qualification to 
another university or for another qualification. 
 
 
 
 
Gerrit Smit 
PORT ELIZABETH 
September 2013 
 
AKNOWLEDGEMENTS 
 
ii 
 
ACKNOWLEDGEMENTS 
 
I would like to thank the following people and institutions for their contribution to 
making this study possible: 
 
 My supervisor Professor Kobus Van Wyk for his guidance and knowledge, 
especially in respect of the theoretical section. Without your guidance on 
content, depth and substance, this research would not have been possible. 
 Special thanks to my co-supervisor, Professor Miemie Struwig, for her 
patience, guidance, advice, consultation, feedback and encouragement 
throughout this journey. I have learned so much from her as a person, 
advisor and foremost a scholar and researcher. Professor Struwig helped 
me clear my initial thoughts and then guided me throughout the study 
process. I am sincerely grateful for her dedication to this dissertation. 
 Nelson Mandela Metropolitan University Research Capacity Development 
for research funding. 
 All the respondents who participated in this study, for their valuable 
contributions and time sacrificed.  
 My colleagues at Nelson Mandela Metropolitan University and, in particular, 
Mr Greg Ducie for his continued interest and encouragement.  
 Dr Marcelle Haran for language editing the document.   
 Mrs Warda Mohamed for assisting with formatting the document and other 
assistance. 
 Mrs Chantell Vogts for the final formatting of the document. 
 Ms Vanessa Jansen Van Rensburg for administrative assistance. 
 To my extremely supportive and understanding family, Charlene, Damian 
and Zane, I cannot thank you enough for your constant encouragement, 
support and unconditional love. I am truly blessed to be one of such a 
family. 
 
EXECUTIVE SUMMARY 
 
iii 
 
EXECUTIVE SUMMARY 
 
Although much research has been conducted on the greening of universities in the 
international context, not many studies focus on this topic in the South African 
context.  A literature overview also identified that there are insufficient guidelines 
for green buildings at South African universities. Even though the Green Star 
rating tool is implemented in South Africa, no set of guidelines for green buildings 
exits at South African universities. The development of guidelines for green 
buildings at Nelson Mandela Metropolitan is a challenge which needs to be 
investigated.  
 
From the literature overview, it was possible to develop a framework containing 
seventeen green building aspects which could assist in developing green building 
guidelines.  For this study, a two stage process was used to obtain information to 
evaluate green building guidelines critically at South African universities. Green 
building guidelines, as available at South African universities, were firstly explored 
by conducting a content analysis of all South African university websites.  The 
information available on South African university websites regarding green 
buildings was scant and only two universities, namely the University of Cape Town 
and the University of Pretoria, reported that they had a green building.  
 
Stage two in the research process involved the empirical investigation of 
guidelines for green buildings at Nelson Mandela Metropolitan University. The 
results of the descriptive statistics showed that most building guidelines were 
perceived as important, but difficult to implement. The building guideline that was 
ranked the most important was the design of buildings that required low levels of 
maintenance or were maintenance free.  The building guideline that was ranked 
the easiest to implement was to save energy in general. Considering the 17 
suggested aspects and the five groups identified, a proposed set of green building 
guidelines was developed.  The data gathered in this study is important as it could 
be utilised by the university to develop and implement the proposed green building 
guidelines.
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CHAPTER 1 
INTRODUCTION TO THE STUDY 
1.1 INTRODUCTION  
Sharp (2002) has conducted research into the greening of university campuses at 
American Higher Education Institutions. The research indicated that a far better 
response from universities is needed to provide sustainable and green buildings 
on university campuses. Although much research has been conducted on the 
greening of universities in the international context (Green Building Council, 2010), 
there have not been many studies focusing on this topic in the South African 
context.   
 
Green buildings contribute to saving scarce resources, reducing energy 
consumption, improving environmental quality and thus the overall wellness of 
occupants in buildings. The impact that green buildings have on the lives of people 
is well-documented (Green & McCann, 2011; Armitage, Mrugan & Kato, 2011; 
Shiers, 2000). As the next generation of leaders are currently attending lectures in 
classrooms, visiting the university libraries as well as living and dining  spaces of 
South African Higher Education Institutions, the question that can be posed is 
whether the buildings are compromising the students ability to learn or whether 
they are enhancing their learning experiences? As conventional education 
buildings are typically designed to meet only minimum standards as stipulated in 
building codes, the result is that facilities are not necessarily designed to provide 
comfortable, productive or healthy work environments for students (Green & 
McCann, 2011).  
 
This research focuses on the development of guidelines for environmentally 
friendly and sustainable (green) buildings. This requires critical analysis of existing 
literature on green building guidelines used at both international and South African 
universities to enable the development of a set of green building guidelines.    
 
Chapter 1 presents a background to the study by overviewing literature on green 
buildings and, more specifically, guidelines for green buildings. Thereafter, the 
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research problem is defined, research objectives formulated, research design and 
methodology described as well as scope of the study addressed.  To conclude, the 
chapters of the study are outlined. 
1.2 BACKGROUND TO THE STUDY  
Although guidelines for green buildings have been created at some South African 
universities, no research (as per Nexus Database search) has provided an 
overview of what the South African Higher Education landscape describes in terms 
of green building guidelines.  The city of Cape Town has developed green building 
guidelines relative to buildings in general, but not specifically for university 
campuses.  However, the University of Cape Town has a well-developed green 
policy based on the system used by Harvard University (Energy Management, 
2008). The greening of South African Higher Education Institutions thus needs to 
be researched, as insufficient information is available in this regard. 
 
The aim of developing green buildings is to minimise the environmental impact 
while increasing building performance through site design, energy efficiency, 
resource efficiency, water efficiency, health and indoor air quality, and durability 
through better design, construction, operation, maintenance and waste removal. 
Developing green buildings thus includes the complete building life cycle. The 
environmental aims and objectives of the green building movement emerged from 
the 1987 World Commission on Environment and Development (WCED) report, 
Our Common Future. Critically, the South African Government has adopted as its 
policy on sustainable development, the Habitat Agenda, Agenda 21, and the 
Millennium Development Goals, all of which have their origins in Our Common 
Future (WCED, 1987).  
 
WCED (1987) identified a number of challenges shared by the world’s nations, 
including population and human resources, food security, species and 
ecosystems, energy, industry, and the urban challenge. However, all these 
challenges apply to South Africa. For WCED (1987), the notion of sustainable 
development can be summarised into five key concepts: 
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 Needs – concept of meeting the basic needs of all, and, in particular, the 
essential needs of the world’s poor, and extending to all the opportunity to 
satisfy their aspirations for a better life. 
 Limitations – idea of limitations imposed by the state of technology and social 
organisation on the environment’s ability to meet present and future needs. 
 Transformation – that sustainable development is pro-development providing 
that development involves a “progressive transformation of economy and 
society” (WCED, 1987). 
 Responsibility – sustainability implies a “concern for social equity between 
generations, a concern that must logically be extended to equity within each 
generation” (WCED, 1987). 
 Restoration – development must not, as a minimum, “endanger the natural 
systems that support life on Earth (atmosphere, water, soil, and living 
beings”, and the “impact of development on the quality of natural elements 
must be accounted for” (WCED, 1987).  
 
Although green challenges were identified in 1987 (WCED, 1987), many green 
rating systems were developed to provide guidelines and standards for green 
buildings. For example, the Green Building Council Australia (2011) developed the 
Green Star Education rating tool in Australia that includes the following categories: 
 Management 
 Indoor environment quality 
 Monitoring 
 Energy 
 Water 
 Transport 
 Materials 
 Land use and ecology 
 Emissions 
 Innovation 
INTRODUCTION TO THE STUDY   CHAPTER 1   
 
4 
 
South Africa also subscribes to the Green Star Education rating tool as used in 
Australia. On the other hand, the United States Green Building Council has 
developed a voluntary green building certification system that provides practical 
and measurable green building design, namely, the Leadership in Energy and 
Environmental Design (LEED) rating system. The LEED Rating System (2012) 
consists of eight possible categories, namely:  
 International 
 General 
 Sustainable sites  
 Water efficiency 
 Energy and atmosphere  
 Indoor environmental quality  
 Innovation in design 
 Regional priority 
 
Universities across America are embracing these green building standards 
(Galayda & Yudelson, 2010). This trend is also growing because of a strong 
motivation to cut operating costs and to reduce environmental impacts, especially 
greenhouse gas emissions (Galayda & Yudelson, 2010). Owing to the growing 
emphasis on climate change, South African universities need to follow this trend 
as well. 
 
Green buildings have increasingly become important with many projects being 
rated.  For example, the Green Building Council of Australia (2011) outlines the 
following reasons for universities investing in green buildings: 
 provide a healthy and productive place to learn 
 provide a better place to teach 
 have lower operating costs 
 provide a connection to the community 
These reasons outlined in the previous paragraphs, offer sufficient justification for 
investigating the green building guidelines at South African universities. 
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1.3  LITERATURE OVERVIEW 
Section 1.3 provides an overview of the literature survey that will be presented in 
more detail in Chapter 2 of this study.  Firstly, a definition of green buildings is 
provided, and then the chapter explores guidelines for green buildings in 
international and South African contexts. 
 
1.3.1   Definition of a green building 
There are numerous definitions of a green building as it is a multifaceted concept 
that lends itself to many interpretations. Included in the concept of green buildings 
are energy efficiency and renewable energy technologies, natural building 
concepts as well as social and community elements. The full benefits of green 
building are, however, realised only when all elements of the built environment are 
looked at holistically (Shiers, 2000).  
 
Yan and Plainiotis (2006) define green buildings (also known as green 
construction or sustainable building) as structures using processes that are 
environmentally responsible and resource-efficient throughout a building's life-
cycle, from siting to design, construction, operation, maintenance, renovation 
through to demolition.  
 
The Chinese Green Building Evaluation System of the China’s Ministry of 
Construction (MOC) defines green building as the practice of creating of structures 
to provide a healthy, applicable and effective environment, and, at the same time, 
to conserve resources (energy, land, water and materials), protect the 
environment and reduce pollution as much as possible, and thus to remain 
harmonious with nature throughout the life-cycle of a building (MOC, 2006).  
 
Hopkins (2002) refers to a similar concept to green buildings, namely, natural 
buildings, which are usually built on a smaller scale and tend to focus on the use 
of natural materials that are available locally.  
For the purposes of this study, a green building is defined as an environmentally 
sustainable building, designed, constructed, operated and maintained to minimise 
the total environmental impact. 
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1.3.2 Guidelines and rating systems for green buildings in international 
contexts 
Although a vast number of guidelines and rating systems for green buildings exist 
in international contexts, the information in section 1.3.2 provides background 
knowledge to the study.   Table 1.1 outlines the key issues to be included in the 
green building guidelines of buildings in international contexts. 
 
Table 1.1: Key principles to include in the guidelines for green buildings in 
international contexts 
 
Author  Key Issues 
Roper and Beard (2006)  Resource efficiency, such as sharing of 
resources 
 Energy efficiency, including greenhouse gas 
emissions 
 Pollution prevention, including indoor air 
quality and noise abatement 
 Harmonisation with the environment, including 
environmental assessments 
 Integrated and systemic approaches, including 
environmental management systems 
Yudelson (2007)  Environmental site planning 
 Energy-efficient building design 
 Water conservation 
 Carbon dioxide emission reduction 
 Use of recycled and locally sourced materials 
 Healthy buildings 
Lam, Chan, Chau and 
Poon( 2010) 
 Process of extraction or manufacture  
 Transport distance  
 Procedures of application to minimise pollution 
during construction 
 Energy protection  
 Recycled materials use 
 Indoor and outdoor air quality 
 Applicable published standards for materials  
 Additional acceptance tests on completion of 
works for verifying green effects 
 Waste management plan for surplus/residue  
Atherton and Giurco 
(2011) 
 Climate change: to reduce emissions  
 Transport: double the proportion of 
staff/student commuting trips by walking and 
cycling  
 Paper reduction: decrease paper purchased 
and increasing recycled paper use 
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Author  Key Issues 
LEED Rating System 
(2012) 
 
 Site and transportation issues 
 Building envelopes 
 Energy systems 
 Water systems 
 Indoor environments 
 Waste systems 
 Materials selection 
 Alteration/demolition 
Lui, Low and He (2012) 
 
 Sustainable sites 
 Reduction of building materials 
 Environmentally friendly materials 
 Water reduction and recycling 
 Indoor environmental quality 
 Luminance and ventilation 
 Sustainable operation 
 New green devices 
 Innovation in design 
 Reduction of effects on neighbourhood 
 Cost of the green building 
Source: Researcher’s own compilation 
Table 1.1 shows that there is general agreement on the scope of the guidelines for 
green buildings in the international context. 
Green building rating systems also exist that set standards for green buildings and 
are an objective assessment to determine how green a building is. Green building 
rating systems normally provide green measurements to be incorporated into a 
building to make it green. However, the World Green Building Council does not 
promote a particular rating system that provides practical and measurable green 
building designs.  Table 1.2 outlines a sample of some of the rating systems that 
have been developed around the world. These rating systems are effective 
guidelines as to what sustainable (green) buildings should entail. 
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Table 1.2: Green building rating systems in the world  
Country Rating System 
United Kingdom 
Netherlands 
BREEAM 
 
Japan 
 
CASBEE (Comprehensive Assessment System for 
Building Environmental Efficiency) 
Germany DGNB Certification System 
Australia 
New Zealand 
South Africa 
Green Star 
India IGBC Rating System 
United States 
Canada 
India 
LEED (Leadership in Energy and Environmental Design) 
Source: Researcher’s own compilation 
Table 1.2 outlines rating systems in different countries. Each rating system have 
its own criteria and building guidelines. There are also many other rating systems 
used by different Green Building Councils, but the most important are listed in 
Table 1.2.  
1.3.3  Guidelines for green buildings in the South African context 
Although Van Wyk (2008) identifies principles and concepts for green buildings 
that need to be achieved in the South African context, for the purposes of this 
study, these principles and concepts are considered as guidelines and include: 
 
 Sustainable/durable/low maintenance building design and operation 
 Energy efficiency and conservation 
 Site/Land management, reclamation and conservation 
 Water efficiency 
 Improved indoor air quality 
 Improved outdoor air quality 
 Material resource management and recycling 
 
The City of Cape Town (2008) has also provided some principles to serve as 
green building guidelines, namely, that green buildings should:  
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 Complement the social, economic and cultural context within which they are 
situated and thus be locally appropriate 
 Follow an environmentally-sensitive approach to the design and construction 
of the built environment, and an approach which aims to conserve the natural 
resources and ecosystems  
 Promote in all aspects of planning, construction, operation, and maintenance 
of buildings, resource efficiency such as energy and water efficient 
technologies and management systems 
 Ensure decisions about the design of a building and the specification of the 
materials from which it is made and take the entire lifecycle of these products 
into consideration in order to select the best overall option  
 Aim to achieve zero waste in the construction and operation of the built 
environment 
 Promote the use of renewable energies in the manufacturing of building 
products and in generating the energy used in green buildings 
 Ensure goods and services procured in the planning, operation, management 
and maintenance of green buildings are sustainable 
 Ensure products and materials are sourced and manufactured in the vicinity 
of a development to reduce the energy in transporting materials from long 
distances to the site 
 Ensure primary goals in designing and constructing the built environment to 
develop healthy environments in which people can live, work and play 
 Gather information on the impact of green building interventions to raise 
awareness and share learning 
 Ensure that both the short-term and the long-term impact of decisions and 
actions of managers lead to sustainability  
 
Gunnel (2009) has also identified the following green building design trends that 
are emerging in the South African context: 
 
 Retrofitting – greening existing buildings 
 Water conservation by reducing water consumption in buildings 
 Carbon neutrality 
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 Green or living roofs 
 Living walls 
 Biomimicry by copying designs found in nature (for example,  termites) 
 Cradle-to-cradle design where there is no waste 
 
Du Plessis (2001) explains the scope of Africa’s developmental problems and that 
a dramatically different worldview from that of the West is necessary for 
sustainability in Africa. Sustainable construction in Africa should consider the 
context of poverty and rapid urbanisation and should be undertaken in a way that 
is relevant to the African cultural context, possibly through the inclusion of the 
values and worldview of traditional Africa in the definition and principles of 
sustainability. For Du Plessis (2001), the principles Africa contribute to the 
understanding of sustainability include: 
 
 Stewardship: Understanding that people cannot own nature 
 Social responsibility: Ensuring interests of community is paramount and not 
the individual 
 Sufficiency: Doing only what is necessary  
 Spirituality: Striving for the creation of harmony 
 
Van Wyk (2009) produced a Green Building Handbook that provides a basic 
understanding of how buildings can be designed to ensure sustainability.  The 
Green Building Handbook focuses on topics such as: 
 
 Rating systems 
 Eco buildings 
 Landscape testing 
 Energy 
 Building envelope 
 Water and lighting 
 Indoor environmental quality 
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This introductory literature overview identified that although guidelines for green 
buildings at universities exist in the international context, the same is not evident 
for the South African university context. Although the Green Building Council of 
South Africa has developed rating systems so as to evaluate a new building’s 
energy and resource efficiency along with its environmental responsibility (Green 
Star), the question can be posed whether South African universities use these 
rating systems and implement the principles required to develop green buildings? 
 
1.4 PROBLEM AND ITS SETTING 
 
Section 1.2 identified that there are insufficient guidelines for green buildings at 
South African universities. Even though the Green Star rating tool is implemented 
in South Africa, no set of guidelines exists for green buildings at South African 
universities. 
  
1.4.1 Statement of the problem 
 
The development of guidelines for green buildings at Nelson Mandela Metropolitan 
University (NMMU) can be considered a challenge which needs to be investigated. 
 
1.4.2 Sub-problems 
 
Nelson Mandela Metropolitan University has not as yet: 
 Introduced a set of guidelines for green buildings 
 Reduced the carbon footprint of the existing buildings 
 Addressed and minimised the energy efficiency levels at buildings 
 Introduced renewable energy technologies 
 Introduced natural building concepts, social and community involvement 
 Maintained sustainability of the green practices 
1.5 RESEARCH OBJECTIVES 
 
The research objectives of this study are outlined in sections 1.5.1 and 1.5.2.  
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1.5.1 Primary research objective 
The primary objective of this research is to develop a set of guidelines for green 
buildings at Nelson Mandela Metropolitan University. 
 
1.5.2 Secondary research objectives  
To give effect to the primary objective of this study, the following secondary 
objectives have been formulated: 
 
 To conduct a literature review on the guidelines for green buildings at 
universities in international and local contexts. 
 To collect secondary data of guidelines for green buildings at South African 
universities from university websites. 
 To develop a set of proposed guidelines for green buildings at universities 
(proposed framework). 
 To investigate the perceptions of different stakeholders on the proposed 
guidelines for Nelson Mandela Metropolitan University green buildings by 
means of empirical data. 
 
1.5.3 Research questions  
 
The following research questions can be formulated for this research:  
 
 What guidelines exist for green buildings at universities? 
 Do South African universities implement the guidelines for green buildings? 
 Which guidelines for green buildings could be used as benchmarks for 
universities in South Africa? 
 What are the perceptions of different Nelson Mandela Metropolitan University 
stakeholders regarding the guidelines for green buildings? 
 
To ensure that there is consistency among the research objectives and research 
questions, the researcher has compiled a consistency matrix as depicted in Table 
1.3. 
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Table 1.3: Consistency matrix of objectives and research questions of the 
study 
 
Secondary objectives Research question 
 To conduct a literature review on the 
guidelines for green buildings at 
universities in international and also 
local contexts.  
 What guidelines exist for green 
buildings at universities? 
 
 To collect secondary data of guidelines 
for green buildings at South African 
universities from the websites of the 
universities. 
 Do South African universities 
implement the guidelines for 
green buildings? 
 
 To develop a set of proposed 
guidelines for green buildings at 
universities (proposed framework). 
 Which guidelines for green 
buildings can be used as 
benchmarks for universities in 
South Africa? 
 To investigate the perceptions of 
different stakeholders on the proposed 
guidelines for green buildings for the 
Nelson Mandela Metropolitan University 
by means of empirical data. 
 
 What are the perceptions of 
different stakeholders of the 
Nelson Mandela Metropolitan 
University regarding the 
guidelines for green buildings? 
Source: Researcher’s own compilation 
1.6 RESEARCH DESIGN AND PROCESS 
 
A mixed-method research design will be followed to gather and analyse the data 
necessary for this research. In particular, content analysis was used to gather 
information from websites of South African universities.  Thereafter, the framework 
was empirically investigated by means of a quantitative study using surveys. Data 
was gathered from stakeholders of the Nelson Mandela Metropolitan University. 
Figure 1.1 outlines the research process used in this study. 
INTRODUCTION TO THE STUDY   CHAPTER 1   
 
14 
 
Figure 1.1: Research process of the study   
 
 
 
 
 
 
Literature study 
 
RESEARCH PROCESS 
CHAPTERS AND EXPECTED 
OUTCOMES 
Literature overview and collect 
secondary data from websites of SA 
Universities 
Empirical Study 
CHAPTER 2:  
 A THEORETICAL OVERVIEW OF TECHNICAL GREEN 
BUILDING GUIDELINES 
 A definition of green buildings and technical green 
building guidelines 
 A brief history of the development of green buildings 
 An international perspective of technical  green building 
guidelines 
 Technical green building guidelines in South Africa 
 An overview of technical green building  guidelines 
derived from literature 
  
 
CHAPTER 3:  
 RESEARCH DESIGN AND METHODOLOGY 
 
 Research design 
 An overview of  green building guidelines obtained from 
South African University websites 
 Data Collection and data analysis 
 Validity and reliability 
 Research ethics 
  
 
CHAPTER 4: RESEARCH RESULTS  
 
 Results of descriptive statistics 
 Correlations 
 MANOVAS 
 Factor Analysis 
 Testing of hypotheses 
CHAPTER 5: Conclusions, recommendations and 
future research 
  
Source: Researcher’s own compilation 
 
1.6.1 Secondary research 
 
A comprehensive literature search was conducted to identify as many guidelines 
and principles of green buildings as possible. International and national data 
searches were conducted by the Nelson Mandela Metropolitan University library 
and to date include, Sabinet databases; ISAP (National library of South Africa); 
and SAe Publications; EBSCO: MasterFile premier, Business Source premier, 
Academic Source premier; FS Articles First; Kovsidex; SA Cat and FS Worldcat; 
ScienceDirect; UPECAT; Google searches; Dialog; Dissertation Abstracts 
database and the database of Nexus. 
  
Data was also accessed from other international and national libraries by means of 
the inter-library loan facilities at the Nelson Mandela Metropolitan University, if it 
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was not available via the Internet.  As far as could be ascertained, no similar 
research study has been undertaken previously in South Africa. 
 
The first step in this research process is thus to conduct a literature study that is 
presented in Chapter 2 of the study. This literature study provides a theoretical 
overview of guidelines for green buildings. This theoretical background provides a 
basis to develop a set of guidelines for green buildings. 
 
1.6.2 Primary research 
 
Primary data was collected during two stages in this research. During the first 
stage, literature was used as basis to build a theoretical framework identifying the 
guidelines for green buildings. To assist in developing the theoretical framework 
for the guidelines for green buildings, data was collected from the websites of all 
South African universities. In addition, literature was also used to assist in the 
development of the framework.   
 
Once the proposed framework was in place, it was evaluated by means of content 
analysis of the websites. The second stage of collecting primary data thus took 
place when the proposed guidelines were empirically investigated. This enabled 
the development of a set of guidelines for green buildings at the Nelson Mandela 
Metropolitan University and which could also be used by other Higher Education 
Institutions. The following sections outline the methodology and procedures during 
the two stages of the primary research in more detail. 
 
1.6.2.1 Research design during stage 1 of the primary research 
 
Primary data was collected during stage 1 by analysing the websites of South 
African universities to determine the green building guidelines they implemented. 
 
(a) Sample 
The sample included all 23 universities in South Africa as all the websites of the 
universities were accessed.  
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(b) Data collection method and instruments/measurement tool 
The data analysis included a content analysis of the 23 South African university 
websites.  A scientific procedure was used to analyse the website content which 
included: 
 
 Making a print out of the relevant information on the website 
 Using different colour pens to highlight specific themes 
 Identifying recurring themes on these websites  
 
(c) Data analysis 
The identified recurring themes were then synthesised with the theoretical 
information to enable the development of a proposed framework containing the 
guidelines for green buildings at universities.  To ensure reliability of the data 
collected, use was made of another rater to check whether the same recurring 
themes were identified. 
 
1.6.2.2 Research design during stage 2 of the data collection  
 
During stage 2 of the data collection, the primary data was collected using a 
framework to develop a measurement instrument (questionnaire) to investigate 
empirically the proposed guidelines for green buildings.  
 
a) Sample 
The sample included stakeholders (staff, student and outside stakeholders) of the 
Nelson Mandela Metropolitan University. In particular, specific groups were 
targeted to ensure a good spread of respondents.  
 
b) Data collection method and instruments 
Data was obtained by means of a survey using structured questions in a 
questionnaire. 
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c) Data analysis 
Once the data was collected, it was analysed using descriptive and more 
advanced statistics. 
 
Table 1.4 provides a summary of the research design for this study. 
 
Table 1.4: Research design of the study  
Step Research method Outcome 
STEP 1: 
Conduct literature 
study (Chapter 2 – 
theoretical overview of 
guidelines for green 
buildings) 
Conduct literature study A basis to develop 
a set of guidelines 
for green buildings 
STEP 2: 
Investigate website of 
SA universities to 
establish which 
guidelines they 
currently have in place 
 Conduct a content analysis of all 
SA university websites (23 in 
total) to identify recurring themes  
 Consider themes as part of the 
process to develop a suggested 
set of guidelines for green 
buildings 
 Synthesise themes from  
literature study and information 
from websites 
A suggested set of 
guidelines for 
green buildings at 
universities 
 
 
STEP 3: 
Empirically investigate 
the suggested set of 
guidelines for green 
buildings 
Survey by means of questionnaire Set of guidelines 
for green buildings 
at Nelson Mandela 
Metropolitan 
University 
 
1.7 SCOPE OF THE STUDY 
 
This research was limited to the Nelson Mandela Metropolitan University only.  
 
1.8 STRUCTURE OF THE DISSERTATION  
 
The structure of the dissertation is as follows: 
 
Chapter 1: Introduction to the study  
Chapter 2: A theoretical overview of green building guidelines 
Chapter 3:  Research methodology 
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Chapter 4: Research results 
Chapter 5:   Summary, conclusions and recommendations   
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CHAPTER 2 
GREEN BUILDING GUIDELINES 
 
2.1 INTRODUCTION 
 
The primary objective of this study is to develop a set of guidelines for green 
buildings at Nelson Mandela Metropolitan University. To ensure accomplishment 
of the primary objective, it is important to first investigate green building guidelines 
in general. 
 
This chapter defines a green building and discusses the characteristics of an 
intelligent building. The barriers and motivations for green buildings are also 
discussed and green building rating systems outlined. The chapter concludes with 
a set of green building guidelines for international and South African contexts as 
identified in literature.  
 
2.2 A DEFINITION OF A GREEN BUILDING 
 
Frej (2005) regards a green building as one that is efficient with the use of 
resources like energy, water and materials while reducing building impacts on 
human health and the environment during the building’s lifecycle, through better 
designs, construction, operations, repairs and maintenance. Besides the effective 
use of resources and protecting the health of the occupants, a green building also 
aims to reduce waste, pollution and environmental degeneration. 
A green building is a multifaceted concept that lends itself to many interpretations. 
Some interpretations focus on energy efficiency and renewable energy 
technologies, while others focus on natural building concepts or social and 
community elements.  All of these are important and the full benefits of green 
building are realised only when all elements of the built environment are 
considered holistically.   
Kibert and Grosskopf (2007) argue that no standard definition for a green building 
exists. Most green buildings focus on several issues such as site selection and 
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building orientation, energy consumption, materials selection, environmental 
quality, water consumption, construction methodology and life-cycle costing 
(Zacharian, Kennedy & Pressnail, 2002; Perzan, 2006). 
For the purpose of this study, a green building is defined as an environmentally 
sustainable building, designed, constructed and operated to minimise the total 
environmental impact. Green buildings thus take the following into consideration: 
 Location 
Location or place refers to the proximity to public transportation and services that 
are appropriate for the temporal and spatial context of the building. The building 
further minimises ecological footprint and maximises energy efficiency (for 
example, day-lighting) and makes use of natural sources that are contextually 
viable (for example, timber in a forested area). 
 
 Design 
The design of the building should maximise the use of space for inhabitants to live 
comfortably without waste and optimise indoor air quality so as to heighten human 
health and comfort. 
 
 Process 
In the process of building, it is important that local building materials (both raw and 
manufactured) and construction services (such as labour) are used. Recycled and 
reused materials must be sourced as far as possible. 
 
 Lifespan 
During the lifespan of the building, energy consumption in the daily life should be 
reduced (for example, decrease water usage), waste eliminated (for example, 
grey-water systems) and environmentally friendly decisions should be made. 
 
Intelligent buildings are also defined as green buildings. Therefore, intelligent 
buildings include green buildings (Zacharian, et al., 2002; Perzan 2006). 
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2.3 CHARACTERISTICS OF INTELLIGENT BUILDINGS 
 
The building industry uses the term intelligent building to describe the way the 
design, construction, and management of a building can ensure that the building is 
flexible and adaptable and profitable over its full life span. Although there is no 
universal definition of intelligent buildings (Zhang & Mokhtari, 2004), a degree of 
consensus of the intelligent building concept exists and efforts towards 
establishing an agreement on the definition are available (Pentland, 2004; Nelson 
& Green, 2002). One of the areas of agreement is that of an automated building. 
 
Fathian and Akhavan (2006) developed a model to evaluate the intelligence of 
buildings and concluded that such a model should consider the following factors: 
 
 Location specification of the building 
Location specifications include easy reach of employees and customers to 
different locations of the building, easy access to public roads and public 
transportation, closeness to the public parking, parking capacity of the building, 
easy access to water network, easy reach to data and communication network, 
easy access to power network, easy reach to fuel stations, and easy reach to work 
forces. 
 
 Safety and health of the building 
This includes the use of unsafe materials in the construction. General alarm 
systems, fire alarms, earthquake resistance alarm systems, external climate 
conditioning alarms, hygienic facilities and emergency escape facilities are also 
considered essential safety and health features. 
 
 Building architecture, appearance, and objectives 
This includes alignment with organisational objectives, elegant building interiors, 
outside elegance and insulation (double glazing). 
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 Comfort of the building 
This includes illumination control systems, elevator control systems, heating 
ventilating and air conditioning systems, fresh air-smelling systems, and air 
pressure control systems. 
 
 Security 
This includes access control systems, employee’s intelligent monitoring systems, 
external and internal monitoring, 24 hour inspection systems, security systems of 
computer network and information (CCTV system). 
 
 Communication system 
This includes Wi-Fi, Internet facilities, video conferencing, telephone lines, office 
automation and data systems as well as intelligent boards. 
 
 System management 
System management includes system integration, data interchange, flexibility of 
management system, hardware and software compatibility, online documentation 
system, layout management, energy consumption management, risk management 
and emergency evacuation systems. 
 
 Intelligent support and service system 
This includes factors such as continuous service, maintenance of the systems, 
and cost reduction in support and service systems. 
 
2.4 BARRIERS AND MOTIVATIONS FOR THE DEVELOPMENT OF GREEN 
BUILDINGS 
 
An overview of the current literature (Richardson & Lynes, 2007) on the barriers 
and motivations to the implementation of green buildings, and more specifically 
with regard to university campuses, reveals two recurring themes, namely, 
financial and organisational considerations. 
 
There are mixed views in the literature regarding whether green buildings have 
higher initial capital costs than traditional buildings. For example, in contrast to the 
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view held by Orr (2004), who contend that the initial capital cost of a green building 
is higher, several other researchers maintain that green buildings do not 
necessarily result in higher initial capital costs for design and construction  
(Bordass, 2000). 
  
Orr (2004) identifies that to implement green buildings successfully on campus, 
the following are important criteria: 
 Leadership such as a project champion 
 Sustainability targets   
 Collaboration between designers and academics  
 
Therefore, the successful implementation of green buildings at Higher Education 
Institutions requires four main ingredients (Richardson & Lynes, 2007), namely: 
 Internal leadership 
 Financial vision 
 Sustainability targets 
 Communication, collaboration and implementation 
2.5 GREEN BUILDING RATING SYSTEMS 
 
The world requires more efficient use of its finite resources, and protection against 
rising impacts on the environment. The development of more sustainable buildings 
and sites could enable the use of less electricity and water, better use of modes of 
transportation that do not burn fossil fuels, management of storm-water in a way 
that promotes better water quality, less waste production, and creation of green 
spaces that are aesthetic and provide habitat for local fauna. A green development 
standard identifies the criteria for development that fulfil these objectives. 
 
The first green building rating system (criteria) called Building Research 
Establishment Environmental Assessment Method (BREEAM) was introduced in 
the  United Kingdom in 1990 (Building Research Establishment Ltd, 2007). Since 
then, there has been a rapid growth in the number of green building rating systems 
in the world and in the span of 17 years more than 23 countries have developed 
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their own green building criteria based on some rating system (Seo, 2002; WGBC, 
2008). 
 
Present day acceptance of the green building rating systems in the developed 
nations can be attributed to their relatively long history of green building 
movements. In developing countries, the increase in interest of green building 
rating systems can be attributed to the public awareness as well as international 
pressure to reduce the environmental impacts such as increases in CO2 
emissions, water and soil pollution as a result of the exponential growth in the built 
environment (Bondareva, 2005; Melchert, 2005). 
Table 2.1 outlines a sample of some of the rating systems that have been 
developed around the world.  These rating systems are effective guidelines as to 
what sustainable (green) buildings should entail. 
Table 2.1: Green building rating systems in the world  
Country Rating System 
United Kingdom 
Netherlands 
BREEAM 
 
Japan 
 
CASBEE (Comprehensive Assessment System for 
Building Environmental Efficiency) 
Germany DGNB Certification System 
Australia 
New Zealand 
South Africa 
Green Star 
India IGBC Rating System 
United States 
Canada 
India 
LEED (Leadership in Energy and Environmental Design) 
Source: Researcher’s own compilation 
Table 2.1 outlines rating systems in different countries. Each rating system has its 
own criteria and building guidelines. Many other rating systems are used by 
different Green Building Councils, but the most important are listed in Table 2.1.   
Although the Green Building Council of South Africa has developed rating systems 
so as to evaluate a new building’s energy and resource efficiency along with its 
environmental responsibility (Green Star), no rating system exists within South 
Africa with respect to the operation and maintenance of existing buildings. The 
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United States Green Building Council’s LEED (Leadership in Energy and 
Environmental Design) rating tool for existing buildings may be utilised so as to 
attain green building status through the operation and maintenance of an existing 
building. In section 2.5.1 these two rating systems are discussed in more detail. 
2.5.1 The Green Star rating system 
 
In September 2007, the Green Building Council of South Africa (GBCSA) was 
established with the aim of promoting and rating green buildings. The GBCSA 
released the South African version of Green StarTM in October 2008 for 
implementation. It is important to note that the rating system exists for new 
buildings only (www.GBCSA.co.za, 2012). 
 
The Green StarTM SA Rating Tool makes use of nine (9) assessment categories, 
namely:  
 
 Management  
This category addresses professional appointments, policies and procedures from 
project conception through design to construction, commissioning and practical 
completion and operation. 
 
 Indoor Environmental Quality  
The Indoor Environmental Quality (IEQ) category addresses occupant health, 
comfort, satisfaction and productivity through elements such as indoor air quality, 
thermal comfort and lighting.  
 
 Energy  
The energy category targets the reduction of greenhouse gas (GHG) emissions 
from the building’s operation; energy efficient solutions; and renewable, on-site 
energy generation.  
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 Transport  
The transport category targets the reduction of individual automotive commutes 
by both discouraging it and simultaneously rewarding alternative transportation 
options.  
 
 Water  
The water category addresses the reduction of potable water consumption in the 
major areas of a building’s demand, namely, occupant amenity, landscape 
irrigation, evaporative heat rejection and fire systems. It also encourages demand 
reduction by encouraging the use of both recycled and rain water.  
 
 Materials  
The material category includes reduce, reuse and recycle incentives that minimise 
environmental pressure from resource consumption.  
 
 Land Use and Ecology 
The land use category addresses the project’s impact on its immediate ecosystem 
by encouraging preservation and restoration of flora and fauna.  
 
 Emissions  
The emissions category addresses point source pollution from the development to 
the atmosphere, watercourse and local ecosystems.  
 
 Innovation 
The innovation component seeks to encourage, recognise, and reward alternative 
technologies within the design of the building that can improve environmental 
performance. 
Green StarTM SA distributes the points between the various categories as 
indicated in Table 2.2. 
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Table 2.2: Points allocation for new buildings in the Green Star South Africa 
Category Points allocated Weighted Points 
Percentage 
Management 19 11% 
Indoor environment quality 28 15% 
Energy 30 26% 
Transport  18 12% 
Water 18 13% 
Materials 25 9% 
Land use 12 7% 
Emissions 17 6% 
Innovation 5 0% (not weighted) 
Source: Green Building Council South Africa 2012 
 
Table 2.2 shows that the highest point allocation in the Green Star South African 
rating is for energy and indoor environment quality. 
 
2.5.2 The LEED rating system 
 
The US Green Building Council (USGBC) was established in 1993 and the 
organisation’s members quickly realised that the sustainable building industry 
needed a system to define and measure “green buildings.” USGBC, therefore, 
began to research existing green building metrics and rating systems. LEED 
promotes a whole-building approach to sustainability by recognising performance 
in the following key areas: 
 
 Sustainable Sites 
Site selection and development are important components of a building’s 
sustainability. The sustainable sites category discourages development on 
previously undeveloped land, seeks to minimise a building's impact on ecosystems 
and waterways, encourages regionally appropriate landscaping, rewards smart 
transportation choices, controls storm water runoff, and promotes reduction 
of erosion, light pollution, heat island effect and construction-related pollution. 
 
 Water Efficiency 
The goal of the water efficiency category is to encourage smarter use of water in 
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the interior and exterior. Water reduction is typically achieved through more 
efficient appliances, fixtures and fittings inside and water-conscious landscaping 
outside. 
 
 Energy and Atmosphere 
The energy and atmosphere category encourages a wide variety of energy-wise 
strategies.  
 Materials and Resources 
During both the construction and operations phases, buildings generate a lot of 
waste and use large quantities of materials and resources. The materials and 
resources category encourages the selection of sustainably grown, harvested, 
produced and transported products and materials. It promotes waste reduction as 
well as reuse and recycling, and it particularly rewards the reduction of waste at a 
product’s source. 
 Indoor Environmental Quality 
The indoor environmental quality category promotes strategies that improve indoor 
air as well as those that provide access to natural daylight, views and improves 
acoustics. 
LEED for existing buildings distributes the points between the various categories 
as indicated in Table 2.3. 
 
Table 2.3: Points allocation for existing buildings in Leeds USA 
Category Points allocated 
Sustainable site 26 
Water efficiency 14 
Energy 35 
Material and resources 10 
Indoor environment quality 15 
TOTAL 100 
       Source: WBGC (2008) 
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Besides the 100 points allocated in Table 2.2, a further 10 bonus points can be 
achieved as follows: 
 Bonus points if it is a regional priority 
 Six bonus points for innovation in operations 
To achieve certification, a building should achieve at least 40 points. 
 
The LEED rating system has systems available to rate the following: 
 New Construction  
 Existing Buildings: Operations and  Maintenance 
 Commercial Interiors  
 Core and Shell  
 Schools  
 Retail  
 Healthcare  
 Homes  
 Neighbourhood Development  
2.5.3 GBCSA Water Benchmark 
 
The Green Building Council of South Africa and Water Benchmark developed a 
performance based benchmark for South African office buildings.  Owing to the 
limitations on available metering data, the South African data set is limited to the 
analysis of whole building energy and water consumption.  From a benchmarking 
perspective, building size (gross lettable area) was the most significant 
consumption driver for both energy and water benchmarks.   
 
Table 2.4 outlines the rating bands as developed by the Green Building Council. 
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Table 2.4: Water benchmark consumption rating bands 
Water rating score, at beginning of 
rating band 
Water consumption compared to 
benchmark predicted consumption 
10 0% 
9 22% 
8 44% 
7 67% 
6 89% 
5 111% 
4 133% 
3 156% 
2 178% 
1 200% 
Source: Bannister and Chen (2012: 79) 
 
From Table 2.4, it is shown that there is a 10 point rating system in place to 
evaluate water consumption. The highest rating score, namely, 10 will be scored if 
a building’s water consumption is exactly what was predicted, while the lowest 
score of 1 will be assigned where a building has used 200% more water than 
predicted. 
2.6 GUIDELINES FOR GREEN BUILDINGS IN THE INTERNATIONAL 
CONTEXT 
 
A vast number of guidelines and rating systems for green buildings exist in 
international contexts. Table 2.5 outlines key issues to be included in the green 
building guidelines of buildings in the international context. 
 
Table 2.5: Key principles to include in the guidelines for green buildings in 
the international context 
 
Author  Key Issues 
Roper and Beard (2006)  Resource efficiency, such as sharing of resources 
 Energy efficiency, including greenhouse gas 
emissions 
 Pollution prevention, including indoor air quality 
and noise abatement 
 Harmonisation with the environment, including 
environmental assessments 
 Integrated and systemic approaches, including 
environmental management systems 
Yudelson (2007)  Environmental site planning 
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Author  Key Issues 
 Energy-efficient building design 
 Water conservation 
 Carbon dioxide emission reduction 
 Use of recycled and locally sourced materials 
 Healthy buildings 
Lam, et al. ( 2010)  Process of extraction or manufacture  
 Transport distance  
 Procedures of application to minimise pollution 
during construction 
 Energy protection  
 Recycled materials use 
 Indoor and outdoor air quality 
 Applicable published standards for materials  
 Additional acceptance tests on completion of 
works for verifying green effects 
 Waste management plan for surplus/residue  
Atherton and Giurco 
(2011) 
 Climate change: to reduce emissions  
 Transport: double the proportion of staff/student 
commuting trips by walking and cycling  
 Paper reduction: decrease paper purchased and 
increasing recycled paper use 
LEED Rating System 
(2012) 
 
 Site and transportation issues 
 Building envelopes 
 Energy systems 
 Water and wastewater systems 
 Indoor environments 
 Waste systems 
 Materials selection 
 Alteration/demolition 
Lui, et al. (2012) 
 
 Sustainable sites 
 Reduction of building materials 
 Environmentally-friendly materials 
 Water reduction and recycling 
 Indoor environmental quality 
 Luminance and ventilation 
 Sustainable operation 
 New green devices 
 Innovation in design 
 Reduction of effects on neighbourhood 
 Cost of the green building 
Source: Researcher’s own compilation 
From Table 2.5, it is evident that there is general agreement on a wide range of 
guidelines for green buildings in the international context. Green building rating 
systems as described in section 2.5 are also present. It can set standards for 
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green buildings that can be used to objectively assess how green a building is. 
Green building rating systems normally provide green measurements to be 
incorporated into a building to make it green. 
Specific country cases illustrating the green building guidelines in the international 
context are outlined in section 2.6.1. 
2.6.1 Green building guidelines in Hong Kong 
 
A specification can be an effective contractual tool to help achieve green 
construction. In Hong Kong, a multifarious specification arrangement exists in the 
construction industry and progress is made in the public and private organisations 
towards green practices. In a study conducted by Lam, Chan, Chau and Poon 
(2011), the following was included in a sustainable framework of green 
specification for construction in Hong Kong: 
 
 Workmanship requirements. 
 The desirable manner of executing works or installation is the subject matter of 
workmanship specifications. The best practice for carrying out the works is 
described and the quality requirements for the works are set out. For green 
construction, owing to the different properties of materials being in contact with 
one another, special joints may be necessary which entail different fixing methods 
(for example when working with strawboards as a roof material or bale as a wall 
material). Water vapour absorption characteristics of some materials may dictate a 
particular working sequence (for example waiting time for drying out between 
layers) to be specified. Natural linoleum flooring should not be fixed with adhesives 
for vinyl flooring, but with fast evaporated linoleum adhesive. 
 
 Procedures of application to minimise pollution during construction. 
The impacts of building operations on the environment during construction are 
important. Possible pollutants include excessive noise, waste water discharge, 
dust and fumes from asphalt heating.  Design consultants implementing 
abatement measures after environmental impact assessment should include in 
their specifications instructions and procedures to prevent pollution. 
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 Protection measures to vulnerable parties/structure 
When construction takes place on sites which are suspected or known to have 
been contaminated, possibly by previous industrial activities, remedial actions 
need to be taken. Specifications form an important part of the contractual 
measures to achieve these. For example, respirators should be specified for paint 
spraying and adequate ventilation should be provided. 
 
 Recycling practice/instructions 
Where the method of recycling is not left to the contractor to decide, the designer 
would specify what is to be achieved and how (in the case of prescriptive 
specifications). One of the difficulties of recycling construction waste in Hong 
Kong, was limited space. For sorting to be carried out effectively, off-site 
temporary storage may be necessary, or mobile crushing plants (in the case of 
recycled aggregates) may be a solution. Where such instructions are specified, it 
should be noted that sufficient flexibility should be provided for the contractor to 
innovate. 
 
 Indoor and outdoor air quality 
During construction, outdoor air quality would be affected by dust and fumes 
arising from site operations, whereas indoor air quality (IAQ) may be degraded by 
the use of materials giving off odours (such as paint, sealant and adhesives). 
Where the use of these materials cannot be avoided, air quality both indoors and 
outdoors should be monitored. Appropriate action should be taken to avoid 
causing health hazard to the workers in the first place and the adjoining 
occupants. 
 
 Applicable published code of practice 
Some published standards exist on workmanship in the form of codes of practice. 
As more and more green construction is carried out, best practice on workmanship 
will be established.  
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 Additional acceptance tests on completion of works for verifying green effects 
For general building projects, once all pre-commissioning checks are completed in 
accordance with specifications and drawings, commissioning tests are carried out 
to determine acceptance or rejection of the works. The Hong Kong government 
has implemented a voluntary certification scheme, with initial validity of 12 months 
upon certification and renewable at five-year intervals, thereafter, putting emphasis 
on post-certification management. For green roof construction, useful acceptance 
test is the temperature difference above and below roof desk. Such acceptance 
tests can be specified to verify that the green effects are achieved as intended, in 
addition to the tests on materials before installation. 
 
 Instructions for maintenance and operation 
Green construction materials, like conventional products, need maintenance 
during their service life. Yet, by definition, green materials should require relatively 
less replacement so that total cost may make it worthwhile to install them on a 
whole life basis. Maintenance is essential in keeping a building running efficiently, 
effectively and providing a healthy environment for occupants. However, green 
product maintenance needs specifying with extra care and expertise to enable 
their properties to be used at the intended or designed level. For example, the 
cleaning of waterless urinals requires training of the cleaners to change the 
cartridges. Specifying walk-off mats at entry ways saves soiling and hence 
stripping of green carpets to make them last longer. Green roof and vertical green 
walls also need specifications on regular irrigation of the vegetation. 
 
2.6.2 Green building guidelines in India 
 
The concept of green building guidelines and their acceptance has been a 
relatively recent trend among the developing countries as compared to the 
developed world. Though there have been several initiatives by the governments 
in the developing countries to address sustainability in the construction sector, 
these initiatives have either faced economic and social problems or did not have a 
proper implementation strategy to ensure their successful adoption in the society 
(Potbhare, 2008). The recent trend in India suggests a rapid adoption of green 
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building guidelines. Out of 85 internationally registered projects under LEEDw NC-
USA, 32 (37 percent) are registered in India.  In the last three years preceeding 
2008, more than 50 projects have been registered or certified under the green 
building guidelines developed in India (Potbhare, 2008). 
 
These figures present a good research scope to understand the adoption of green 
building guidelines in the Indian construction industry (Bondareva, 2005). LEEDw 
guidelines in India, named LEEDw-India v. 1.0, were released in 2007.These 
guidelines were developed by the Indian Green Building Council (IGBC), in 
collaboration with the USGBC. The current framework of the categories and 
division of points in LEEDw-India has been heavily based on the LEEDw NC-USA. 
IGBC has made efforts to change credits in the LEEDw-India to suit the Indian 
construction conditions and address the priorities of the Indian government in 
terms of water and energy efficiency needs. IGBC is very ambitious about 
promoting LEEDw-India and planned to cause a green building revolution by the 
year 2010 (Bondareva, 2005). 
 
The maximum number of credit points a project can achieve under LEEDw-India is 
95 and the Indian Green Building Council (2011) divides these points into seven 
categories, namely:  
 
 Sustainable Sites 
 Water Efficiency 
 Energy and Atmosphere 
 Materials and Resources 
 Indoor Environmental Quality 
 Innovation in Design 
 Regional Priority 
2.6.3 Green building guidelines in North America 
 
ENERGY STAR is a joint programme of the US Environmental Protection Agency 
and the US Department of Energy to assist in saving money and protect the 
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environment through energy-efficient products and practices. This programme is 
focused on either the home or business. 
 
 For the Home 
Energy efficient choices can save families about a third on their energy costs with 
similar savings of greenhouse gas emissions, without losing features, style or 
comfort. ENERGY STAR helps families make energy efficient choices. For 
example, if homes are considering new household products, they should select 
products that have earned the ENERGY STAR rating. These products meet strict 
energy efficiency guidelines set by the EPA and US Department of Energy. If a 
new home is to be purchased, properties that have earned the ENERGY STAR 
rating should be considered. In addition, if homes or properties are being improved 
or renovated, the EPA offers systems and resources that assist with planning and 
undertaking projects to reduce energy costs and improve home comforts.  
 
 For Business 
 A strategic approach to energy management can produce twice the savings, both 
for the bottom line and the environment. EPA’s ENERGY STAR partnership offers 
a proven energy management strategy that helps in measuring current energy 
performance, setting goals, tracking savings, and rewarding improvements. EPA 
also provides an innovative energy performance rating system which businesses 
have already used for more than 200,000 buildings across the US. Finally, EPA 
also recognises top performing buildings with the ENERGY STAR rating. 
 
2.6.4 Green building guidelines in China 
 
Green building guidelines are still relatively new in China. The Design Standard for 
Energy Conservation in Residential Buildings (the Building Code) was issued in 
early 2006. It was estimated that, of the existing 43 billion square metres of 
building in China, only 4% met the standard (Xinhua News Agency, 2007). After 
signing the climate change agreement in Copenhagen in December 2009, China 
has consistently been pushing for the green building market to grow and expand. 
New buildings in the period of the 11th Five-year Plan (2005-2010) were expected 
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to conserve 700 billion tons of standard coal (Qiu, 2010). Less widely 
acknowledged is the leading role that China is already playing in producing the 
technologies needed to solve the climate change challenge. For example, China is 
the world’s largest producer and consumer of solar water heaters, accounting for 
50% of the world’s total production and 65% of all installations (Wu, 2009). 
 
The first building in China to receive the internationally recognised US LEED 
certification was the eight-storey office of the Ministry of Science and Technology 
in Beijing, completed in 2004. Up to date, there have been 213 certified projects in 
China, including one Platinum, 23 Gold and 17 Silver awards (Tan, 2010). On the 
other hand, more than 100 buildings have been certified under The Chinese Green 
Building Evaluation System at the end of 2010 (Qiu, 2010). It was found that 
although the future of the green building sector in China is promising with the 
support of government’s policies and regulations, this industry still faces major 
hurdles. For example, China lacks the expertise in the hard technologies like 
design, production and manufacturing as well as in the soft skills relating to 
regulations, management, standards and monitoring. However, it is important to 
first establish public awareness for China to achieve a better understanding of the 
merits of green building and better usage of green technologies. 
 
2.6.5 Green building guidelines in Australia 
 
The Green Building Council of Australia (GBCA) is Australia’s leading authority on 
green buildings. The GBCA was established in 2002 to develop a sustainable 
property industry in Australia and drive the adoption of green building practices. 
The GBCA has more than 900 member companies who work together to support 
the Council and its activities. The GBCA promotes green building programmes, 
technologies, design practices and processes, and operates Australia’s only 
national voluntary comprehensive environmental rating system for buildings- 
Green Star. 
 
Green Star was developed to establish a common language and set a standard of 
measurement for green buildings, to promote integrated, whole-building design, to 
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recognise environmental leadership, to identify building life-cycle impacts and 
raise awareness of green building benefits. Green Star rates the attributes of a 
building rather than its performance. There are three different levels of ‘star’ 
ratings, namely: 
 4 Star Green Star (‘Best Practice’)  
 5 Star Green Star (‘Australian Excellence’) 
 6 Star Green Star (‘World Leadership’). 
The Green Star – Education v1 rating tool, released in 2008, assesses the 
environmental attributes of new and refurbished education facilities in Australia.  
It can be applied from the design phase of a project up to two years from practical 
completion. The release of the tool represented a milestone in the assessment of 
environmental attributes of education facilities, and is guiding the industry towards 
more sustainable design practices. Table 2.6 shows the nine criteria included in 
the Green Star Australia.   
 
Table 2.6: Criteria included in Green Star Australia  
Criteria Included In  Green Star Australia 
• Management 
o Green Star Accredited Professional 
o Learning Resource 
o Building Guide 
o Environmental Management 
o Waste Management 
o Building Tuning 
 Management commissioning 
o Independent Commissioning Agent 
o Commissioning Clauses 
• Indoor environment quality 
o Ventilation Rates 
o Air Change Effectiveness 
o Carbon Dioxide Monitoring and Control and VOC 
• Monitoring 
o Daylight 
o Thermal Comfort 
o Hazardous Materials 
o Internal Noise Levels 
o Volatile Organic Compounds 
o Formaldehyde Minimisation 
o Mould Prevention 
o Daylight Glare Control 
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Criteria Included In  Green Star Australia 
o High Frequency Ballasts 
o Electric Lighting Levels  
o External Views 
• Energy 
o Energy - Conditional Requirement 
o Greenhouse Gas Emissions 
o Energy Sub-metering 
o Peak Energy Demand Reduction 
o Lighting Zoning 
o Unoccupied Areas 
o Stairs 
o Efficient External Lighting 
o Shared Energy Systems 
 Water 
o Occupant Amenity Water 
o Water Metres 
o Landscape Irrigation Transport 
• Transport 
o Provision of Car Parking 
o Fuel Efficient Transport 
o Cyclist Facilities 
o Commuting Mass Transport 
o Transport Design and Planning 
o Heat Rejection Water 
o Fire System Water 
o Potable Water Use in Laboratories 
• Materials 
o Recycling Waste Storage 
o Building Reuse 
o Recycled-Content and Reused Products and Materials 
o Concrete 
o Steel 
o PVC Minimisation 
o Sustainable Timber 
o Design for Disassembly 
o Flooring 
o Joinery 
o Loose Furniture 
• Land use and ecology 
o Ecology – Conditional Requirement 
o Topsoil 
o Reuse of Land 
o Reclaimed Contaminated Land 
o Ecological Value of Site 
• Emissions 
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Criteria Included In  Green Star Australia 
o Refrigerant ODP 
o Refrigerant GWP 
o Refrigerant Leaks 
o Insulant ODP 
 Pollution 
o Watercourse Pollution 
o Discharge to Sewer 
o Light Pollution 
• Innovation 
o Innovative Strategies and Technologies 
o Exceeding Green Star Benchmarks 
o Exceeding Green Star 
    Source: Green Building Council Australia (2011) 
 
Table 2.7 shows a comparison of the international green building guidelines. 
 
Table 2.7: A comparison of the international green building guidelines 
 
Criteria Ho
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Workmanship x    x 
Procedures to minimise pollution 
during construction 
x  x x x 
Protection measures to vulnerable 
parties/structure 
x x x  x 
Recycling practice/instructions x  x  x 
Indoor and outdoor air quality x x x  x 
Applicable published code of practice x  x x x 
Additional acceptance tests on 
completion of works to verify green 
effects 
x  x x x 
Instructions for maintenance and 
operation 
x  x  x 
Sustainable Site  x x  x 
Water Efficiency x x x  x 
Energy and Atmosphere  x x  x 
Material and Resources  x x  x 
Innovation Design  x x  x 
Regional Priority  x   x 
    Source: Researchers own compilation 
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Table 2.7 indicates that none of the criteria are applied in all the countries.  
However criteria such as procedures to minimise pollution during construction, 
protection measures to vulnerable parties/structure, indoor and outdoor air quality, 
applicable published code of practice, additional acceptance tests on completion 
of works to verify green effects and water efficiency are applied by four of the five 
countries. 
 
2.7 GUIDELINES FOR GREEN BUILDINGS IN THE SOUTH AFRICAN 
CONTEXT 
 
Although Van Wyk (2008) identifies principles and concepts for green buildings 
that need to be achieved in the South African context, for the purposes of this 
study, these principles and concepts are considered as guidelines and include: 
 
 Sustainable/durable/low maintenance building design and operation 
 Energy efficiency and conservation 
 Site/Land management, reclamation and conservation 
 Water efficiency 
 Improved indoor air quality 
 Improved outdoor air quality 
 Material resource management and recycling 
Du Plessis (2001) explains the scope of Africa’s developmental problems and that 
a dramatically different worldview from that of the West is necessary for 
sustainability in Africa.   Sustainable construction in Africa should consider the 
context of poverty and rapid urbanisation and should be undertaken in a way that 
is relevant to the African cultural context, possibly through the inclusion of the 
values and worldview of traditional Africa in the definition and principles of 
sustainability. For Du Plessis (2001), the principles for Africa that contribute to the 
understanding of sustainability include: 
 
 Stewardship: Understanding that people cannot own nature 
 Social responsibility: Ensuring that community interest is paramount and not 
the individual 
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 Sufficiency: Doing only what is necessary  
 Spirituality: Striving for the creation of harmony 
Van Wyk (2009) produced a green building handbook that provides a basic 
understanding of how buildings can be designed to ensure sustainability.  The 
green building handbook focuses on topics such as: 
 
 Rating systems 
 Eco buildings 
 Landscape testing 
 Energy 
 Building envelope 
 Water and lighting 
 Indoor environmental quality 
Research into green building guidelines in the South African context is limited.  
Two specific cases are discussed in sections 2.7.1 and 2.7.2, namely, the City of 
Cape Town and the University of Cape Town which can be regarded as green 
building leaders in South Africa.   
 
2.7.1 City of Cape Town green building guidelines 
 
The City of Cape Town (2008) provided some principles to serve as green building 
guidelines, namely, that green buildings should:  
 
 Complement the social, economic and cultural context within which they are 
situated and thus be locally appropriate 
 Follow an environmentally-sensitive approach to the design and construction 
of the built environment, and an approach which aims to conserve the natural 
resources and ecosystems  
 Promote in all aspects of planning, construction, operation, and maintenance 
of buildings, resource efficiency such as energy and water efficient 
technologies and management systems 
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 Ensure decisions about the design of a building and the specification of the 
materials from which it is made take the entire lifecycle of these products into 
consideration in order to select the best overall option  
 Aim to achieve zero waste in the construction and operation of the built 
environment  
 Promote the use of renewable energies in the manufacturing of building 
products and in generating the energy used in green buildings 
 Ensure goods and services procured in the planning, operation, management 
and maintenance of green buildings are sustainable  
 Ensure products and materials are sourced and manufactured in the vicinity 
of a development to reduce the energy in transporting materials from long 
distances to the site  
 Ensure primary goals in designing and constructing the built environment is 
to develop healthy environments in which people can live, work and play  
 Gather information on the impact of green building interventions to raise 
awareness and share learning  
 Ensure that both the short- and the long-term impact of decisions and actions 
of managers lead to sustainability 
  
These guidelines can serve as possible indicators (benchmarks) to establish 
guidelines for green buildings at universities. 
2.7.2 Green building guidelines developed by the University of Cape Town 
 
The University of Cape Town’s Green Campus Initiative is based on the example 
of Harvard University’s Green Campus Initiative (Energy Management, 2008). The 
Harvard initiative is based on a business model where an independent unit worked 
on targeted projects and programmes across research, teaching and 
administration. The Green Campus Plan at the University of Cape Town includes a 
status quo document that shows the existing situation at the university, a plan of 
action on what should be done, and a policy statement indicating the institution’s 
key objectives and aims.  
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The responsibility for the overall management and monitoring of a Green Campus 
Plan will rest with Properties and Services. However, the success of the plan will 
depend on its adoption across all sectors of the university. To be successful, it is 
recommended that the University Building and Development Committee, Senate 
and Council: 
 Adopt a policy framework formally 
 Adopt specific milestones and delivery targets for the areas identified and by 
the appropriate agencies within the university 
 Draw up policies for partnerships and the appointment of outside operators 
where deemed necessary, including consultants and contractors for specific 
project directed tasks 
 Introduce an awareness and communication strategy, including web and 
online information 
 Encourage faculties and administrative and support departments to adopt 
practices which contribute to the objectives of the policy framework, with 
appropriate recognition of the implementation of good practices 
 Regard this framework as an initial stage in widening the concept of 
sustainability to embrace the core work of the university 
2.7.3 Green building guidelines in the South African context 
McHarg (2007) and Van Wyk (2008) identify the following principles and concepts 
that need to be achieved in the South African context: 
 Sustainable/durable/low maintenance building design and operation 
 Energy efficiency and conservation 
 Site/Land management, reclamation and conservation 
 Water efficiency 
 Improved indoor air quality 
 Improved outdoor air quality 
 Material resource management and recycling 
An analysis of the guidelines suggests that the following guidelines (as a 
minimum) should be included when developing a sustainable green building: 
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 Project commitment 
 Project communication 
 Relevant partnerships 
 Campus community engagement 
Considering the South African context, although these guidelines should be 
appropriate, they also need to be tested empirically.  Gunnel (2009) has identified 
the following green building design trends that are emerging in the South African 
context:  
 
 Retrofitting – greening existing buildings 
 Water conservation by reducing water consumption in buildings 
 Carbon neutrality 
 Green or living roofs 
 Living walls 
 Bio-mimicry by copying designs found in nature ( for example termites) 
 Cradle-to-cradle design where there is no waste 
The theoretical outline of green building guidelines discussed in this chapter forms 
the foundation to propose a set of green building aspects. This guided the 
development of a set of green building guidelines that can be implemented at 
university campuses in South Africa. Table 2.8 summarises the green building 
aspects for universities in the South African context, based on the literature 
overview. 
 
Table 2.8:  Summary of the green building aspects for universities in the 
South African context 
 
Aspects to consider in development of green building 
guidelines 
Sustainable/durable/low maintenance building design and operation 
Energy efficiency and conservation 
Site/Land management, renovation and conservation 
Water efficiency 
Indoor air quality 
Outdoor air quality 
Material resource management and recycling 
Rating systems 
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Aspects to consider in development of green building 
guidelines 
Building envelope 
Project commitment  
Project communication 
Relevant partnerships  
Campus community engagement 
Retrofitting – greening existing buildings 
Carbon neutrality  
Green or living roofs 
Waste 
  Source: Researcher’s own compilation 
 
The guidelines as outlined in Table 2.8 are applicable to both new buildings and 
existing buildings.  These guidelines for green buildings were empirically tested at 
South African universities. 
 
2.8 SUMMARY 
 
In this chapter, definitions of green buildings were presented and it was decided 
that for the purposes of this study, a green building will be defined as an 
environmentally sustainable building, designed, constructed and operated to 
minimise the total environmental impacts. 
 
The characteristics of intelligent buildings showed that intelligent buildings are 
automated buildings and are always regarded as green. Two popular rating 
systems, namely, the Green Star rating system and LEED rating system were 
discussed. In South Africa, the Green Star rating system is in use for educational 
institutions. 
 
There is agreement among the green building guidelines internationally and those 
in the South African context.  In summary, 17 green aspects to possibly be 
included as guidelines for green buildings were suggested as a theoretical 
framework. In Chapter 3, the research methodology and design to evaluate 
critically how South African universities implement the green building guidelines 
are outlined.  
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CHAPTER 3 
RESEARCH METHODOLOGY AND DESIGN 
 
3.1 INTRODUCTION 
 
In Chapter 2, seventeen aspects for green buildings were suggested to include in 
possible green building guidelines that can be implemented by universities. In this 
chapter, the research methodology and design of this study is discussed. A two-
stage process is used to obtain information to evaluate green building guidelines 
at South African universities critically. 
 
Green building guidelines, as available at South African universities, are firstly 
explored by means of a content analysis of the websites of all South African 
universities. The intention is to ascertain which green building guidelines are 
reported on the websites. The methodology followed to investigate the websites of 
South African universities is also outlined. Thereafter, the results of the content 
analysis of the websites are provided.  The results of the content analysis provide 
the basis for the second stage in the research process, namely, to investigate the 
guidelines for green buildings at South African universities by means of empirical 
data. To conclude, the research design of the process to empirically investigate 
the building guidelines is outlined. 
 
3.2 RESEARCH METHODOLOGY 
 
This study followed a two-stage process to obtain information to propose 
guidelines for green buildings at South African universities. To enable this, a mixed 
method research approach was followed.  Firstly, the qualitative research 
approach provided the data for the second phase of the research which included a 
quantitative research approach.  Survey questionnaires were used to determine 
the perceptions of the proposed guidelines for green buildings at South African 
universities.    
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For Zikmund (2003:111), qualitative research, unlike quantitative research, 
focuses on words and observations rather than on numbers. Veal (2005:26) 
further identifies that qualitative methodology involves gathering a large amount of 
information and detail about a small sample, whereas, quantitative methodology 
focuses on gathering a small amount of information from a large sample. 
 
3.3 RESEARCH DESIGN OF STAGE ONE IN THE RESEARCH PROCESS 
 
All the websites of South African universities were investigated to obtain 
information regarding any green project / building / initiatives of the university and/ 
or any green building guidelines. 
 
3.3.1 The sample, respondents and data collection 
 
During May 2012, the websites of all 23 universities in South Africa were 
investigated.  Any information found on green initiatives were downloaded and 
saved in a file for the specific university. Of the 23 universities only eight 
universities provided any information about green initiatives on their websites.  
Table 3.1 outlines the results of the websites investigated and those that reported 
green initiatives on their website. 
 
Table 3.1: Green Initiatives on South African University Websites 
 
Universities Web address 
Green 
initiatives 
University of Limpopo www.ul.ac.za  NO 
Rhodes University www.ru.ac.za YES 
University of Cape Town, UCT www.uct.ac.za  YES 
Cape Peninsula University of Technology www.cput.ac.za YES  
North West University www.nwu.ac.za YES 
Central University of Technology www.cut.ac.za NO 
Mangasuthu University of Technology  www.mut.ac.za NO 
Walter Sisulu University www.wsu.ac.za NO 
University of The Free State www.ufs.ac.za NO 
Durban University of Technology www.dut.ac.za NO 
University of Kwazulu Natal www.ukzn.ac.za  NO 
Nelson Mandela Metropolitan University www.nmmu.ac.za YES 
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Universities Web address 
Green 
initiatives 
University of Stellenbosch www.sun.ac.za  NO 
Tshwane University of Technology www.tut.ac.za YES 
University of Johannesburg www.uj.ac.za  NO 
University of Fort Hare www.ufh.ac.za NO 
UNISA www.unisa.ac.za YES 
University of Pretoria www.up.ac.za YES 
University of Venda www.univen.ac.za NO 
Vaal University of Technology www.vut.ac.za  NO 
University of the Western Cape www.uwc.ac.za  NO 
University of Zululand www.unizulu.ac.za NO 
Source: Researcher’s own compilation 
 
From Table 3.1, it is evident that only eight universities have reported any green 
initiatives at their university on their websites.. 
 
3.3.2 Procedure of content analysis of the websites 
 
The eight files that were downloaded from the universities reporting green 
initiatives were printed and filed.  The following process was used to analyse the 
content of the printed information. 
 
 Downloading and printing a copy of the selected website. Thereafter, relevant 
information was colour coded and while reading through the data, brief notes 
were made in the margins about the nature of the information 
 Identifying information by studying the margin notes 
 Categorising the list of items excerpted from the text so that the green 
initiative focus was described. At this stage, as many categories as possible 
were identified, as the number of categories could be reduced at a later stage 
if necessary  
 Considering the list of categories identified from the transcript (information 
from websites), it was determined if some of the categories were linked in 
some way (see section 3.3.3 for a list of categories and sub-categories)  
 Establishing a final list of categories. The list was finalised when no new 
categories emerged, and all information was accommodated in the existing 
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categories. At this stage, the different categories were colour-coded using a 
coloured highlighter for each category to highlight items of data in the 
transcripts (information from websites)  
 Ensuring that information not highlighted at all (because it did not appear 
relevant at the time) was checked once again for relevance 
 Triangulating the finalised categories with another researcher to see if she/he 
also identified the same categories and agreed with the list produced  
The trustworthiness of the research was enhanced by involving the use of more 
than one researcher to analyse the data, as recommended by Struwig and Stead 
(2001). Inter-rater reliability was also performed in that another researcher verified 
the categories which ensured that the data was correctly analysed. The researcher 
verifying the categories was an experienced researcher in the field of Management 
Sciences and who had used the content analysis as a methodology previously.  
As the information was obtained from public websites and is part of the public 
domain, no ethical clearance was needed. 
 
3.3.3 Results of the content analysis 
 
By using the procedure explained in section 3.2.3, various categories of green 
initiatives reported on the website were identified. This identification of green 
initiatives did not focus only on green building guidelines, but on all green 
initiatives reported. Annexure A contains a complete transcript of the results of the 
content analysis of the eight South African universities whose websites reported 
any green or sustainable initiatives and guidelines. 
 
By analysing the content, four categories emerged, namely, green research, green 
building, green initiatives and future plans. 
 
 Green Research 
This category included a university reporting on research of staff members on 
sustainability.  This category included research in the form of a complete published 
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article by a staff member, as well as others indicating that the research area of 
sustainability was important at their university. 
 
 Green Building 
This category indicated whether the university website reported  any green 
buildings or any guidelines for green buildings. 
 
 Green Initiatives 
This category included green initiatives by either staff or students at the university. 
 
 Future Plans 
Many universities reported on their websites about what they were still planning to 
do with respect to becoming green.  This was included in this category. 
 
The refinement of the content analysis (see full transcript in Annexure A) resulted 
in the following data for the following universities: 
 
Tshwane University of Technology 
The information published on the Tshwane University websites related to: 
 Green Research 
o Sustainable built environments 
 Green Buildings 
o Construction of green building for Architecture Department planned for 
future 
 
Rhodes University 
On the Rhodes website, the following was found: 
 Green Research 
o Environmental committee 
 Green Initiatives 
o R U Green – to influence the community and the students to become 
more environmentally responsive 
o Green fun run and walk 
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o  Green fun run 2011 
o Green fun run 2010 
 Future Plans 
o Green funding 
o Energy saving 
o Recycling 
o Re-use of water 
o Ensure environmental awareness 
o Establish vegetable gardens for the residences 
 
Cape Peninsula University of Technology 
The only information found on the website related to: 
 Green Initiatives 
o Green team students 
o Eco-friendly business plans 
o Green Radio on campus 
 
Nelson Mandela Metropolitan University 
Information on the Nelson Mandela Metropolitan University included: 
 Research 
o Vision and Mission Statement 
o Values and principles 
 Green Initiatives  
o George Campus 
 
North West University 
On the North West website, the following information was reported: 
 Research 
o Article published by academics 
o Green building, new campus library was still to come 
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University of Pretoria 
The following information was provided on the University of Pretoria website: 
 Research 
o Research paper on green IT strategy  
 Green Buildings 
o School of Engineering 
o Innovative design 
o Environmentally friendly elements 
o Power saving 
o Construction material 
o Security features 
o Challenges 
 Future Plans 
o New Plant Science Building  
 
UNISA 
The following information was found on the UNISA website: 
 Research 
o Sustainable reporting 
 Green Initiatives 
o Project of CEMS : Go green and save generations - Lecturer driven 
o Project promotes sustainable acts and processes 
o Environmental sustainability actions 
 
University of Cape Town 
The website of the University of Cape Town included the following: 
 Research 
o Developed and implemented a policy framework 
o Vision of UCT was a shift towards becoming more green 
o Students won award for developing green building management 
software 
 Green Buildings 
o New Engineering building where construction began in 2011 
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o Green Star rating 
 Green Initiatives 
o Implemented a green campus unit who is responsible to drive the 
green project 
o Conserves the Cape Rain Frog 
o Bio-digester which generates gas that could be fed back into the 
cooking process 
o Many student initiatives to get the campus green 
Table 3.2 provides a summary of the content found on the various websites. 
 
Table 3.2:  Content found on South African university websites regarding 
green or sustainability 
 
 
University 
Green initiative reported on website 
Research Green 
Buildings 
Green 
Initiatives 
Future 
Plans 
Cape Peninsula University of 
Technology 
  x 
 
 
Cape Town University x x x  
Nelson Mandela Metropolitan 
University 
x 
 
  x 
 
 
North West University x   x 
Pretoria University  x x  x 
Rhodes University   x x 
Tshwane University of Technology x    
UNISA x  x  
TOTAL 6 2 5 3 
Source: Researcher’s own compilation from Content Analysis 
 
Table 3.2 shows that information available on South African university websites 
regarding green buildings is limited and only two universities, the University of 
Cape Town and the University of Pretoria reported that they had a green building. 
 
None of the universities posted guidelines for green buildings on their websites. 
Therefore, it could not be ascertained whether they had such guidelines and how 
they compared with the rating systems found in literature.    
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3.4 RESEARCH DESIGN OF STAGE TWO IN THE RESEARCH PROCESS 
 
Stage two in the research process involved the empirical investigation of 
guidelines for green buildings at the Nelson Mandela Metropolitan University. 
 
3.4.1 The sample 
 
To investigate the proposed guidelines for green buildings at Nelson Mandela 
Metropolitan University empirically, a purposeful convenience sample of 150 
respondents was used in this study.  Fifty respondents were selected from Nelson 
Mandela Metropolitan University staff and contractors and 100 students were 
selected from the Faculty of Engineering, the Built Environment and Information 
Technology. To obtain a sampling frame, the prospectus of Nelson Mandela 
Metropolitan University was used to source the names of academics, 
administrative and professional staff.  Lecturers in the Department of Building and 
Human Settlement Development were asked to complete questionnaires during 
their lectures.  For contractors, a list of contractors employed at Nelson Mandela 
Metropolitan University was obtained from the Department of Infrastructural 
Projects. 
 
3.4.2 Data collection 
 
With regard to the sourcing of data, a distinction was made between primary and 
secondary data.  Secondary data refers to information that has been collected by 
someone other than the researcher (Struwig & Stead, 2001: 40).  The researcher 
obtained useful information for this study from database searches, both 
internationally (Ebsco Host) and nationally (Sabinet). Other sources included 
books, journals, newspapers, magazines and the Internet. 
 
Primary data is original data which is collected at the source, such as survey data 
or experimental data (Collis & Hussey 2003: 353).  The primary data for this study 
was gathered by means of an empirical study where respondents were asked to 
complete a questionnaire. This data was collected by means of a structured 
questionnaire completed by lecturing staff at the Nelson Mandela Metropolitan 
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University Faculty of Engineering, the Built Environment and Information 
Technology.  Some of the staff was also requested to distribute questionnaires 
among their students for completion.  In addition, Nelson Mandela Metropolitan 
University contract managers were also personally approached to complete the 
questionnaires.  
 
The questionnaires were distributed with a covering letter (see Annexure B) 
including the following: 
 An explanation of the relevance of the study 
 A brief description of the objectives of the study 
 Assurance and confidentiality 
 Ethical clearance number of the Nelson Mandela Metropolitan University 
 Contact details for any additional questions with regard to the study 
 
3.4.3. The structured questionnaire 
 
A questionnaire was chosen as data collection instrument.  The questionnaire was 
developed based on the literature and the qualitative research results. The 
questionnaire was structured as follows: 
 
Section A:  Biographical details 
This section used close-ended questions to gather information such as gender, 
age, marital status and education.  This section also included close-ended 
questions to gather information about the respondents’ position at the university. 
The rationale behind this section was that it placed the results in a frame of 
reference which might provide insights into the differences between demographic 
groups or correlation with regard to the responses. 
 
Section B:  Perceptions on the importance of the guidelines for green 
buildings at South African universities 
This section used five point Likert-type scaled questions. It dealt with the opinions 
or perceptions of the respondents of the principles to consider when developing 
guidelines for green buildings at South African universities. It showed the extent to 
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which respondents perceived these aspects to be important. Respondents were 
also required to rank the five most important guidelines. 
 
Section C:  Perceptions of the implementation of the guidelines for green 
buildings at South African universities 
This section used five point Likert-type scaled questions. It dealt with the 
respondents perceptions of whether the guidelines for green buildings could be 
implemented.  The respondents were also required to rank the five guidelines 
which they believed Nelson Mandela Metropolitan University should implement.  
 
Section D:  General questions 
This section consisted of a number of Yes/No questions to elicit more information 
about the respondents understanding of the guidelines for green buildings. (See 
Annexure C for a copy of the research questionnaire used in this study).   
 
3.4.4  The pilot survey 
 
To determine the proper construction and execution of a survey required the 
piloting of the survey on actual respondents to see if the desired outcomes would 
be reached. The researcher, therefore, conducted an empirical pilot survey to 
achieve the final version of the questionnaire.  
 
In the pilot survey, ten respondents completed the questionnaire, and the results 
were captured in Microsoft Excel. Thereafter, descriptive statistics were run to 
investigate if there were problematic variables. The respondents were also asked 
to indicate any problems they experienced. Only minor adjustments were 
necessary before the final questionnaire was ready to be used for the main study. 
 
The primary empirical survey was conducted by the researcher personally by 
distributing questionnaires and then collecting it again. Once the questionnaires 
were returned, they were captured onto an excel sheet. 
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3.5 DATA ANALYSIS 
 
Data analysis is the “process of editing and reducing accumulated data to a 
manageable size, developing summaries, looking for patterns and applying 
statistical techniques” (Cooper & Shindler 2008: 708).  Therefore, data preparation 
included editing, coding and data entry. This activity ensured the accuracy of the 
data and the conversion from raw form to reduced and classified forms that were 
more appropriate for analysis (Cooper & Shindler 2008: 440). 
 
The data for this study was entered in an Excel spreadsheet format which was 
appropriate for the statistical programme (Statistica) to analyse the data.  Suitable 
codes were also allocated for missing data and incorrect data entry.   
 
Descriptive statistics deals with methods of organising, summarising and 
presenting data in a convenient and informative way.  There are different forms of 
descriptive statistics, such as graphical techniques to present data or numerical 
techniques to summarise data.  According to Cooper and Shindler (2008: 463), 
descriptive statistical measures are used to depict the centre, spread and shape of 
distributions.  Inferential statistics were also used in this study. 
 
3.5.1 Ensuring validity and reliability in the research 
 
Another important factor which needed to be taken into consideration by the 
researcher was the level of validity and reliability of the chosen research 
instrument. The researcher, therefore, made sure that the questionnaire was 
developed and structured to meet the criteria of validity and reliability. 
 
Struwig and Stead (2001) define reliability as being able to consistently obtain 
similar results and defines validity as being able to measure what is intended to be 
measured. The researcher conducted a pilot study to make sure that the 
questionnaire was valid and reliable and made the necessary adjustments to 
ensure that the final questionnaire was valid. 
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The researcher reported on the internal consistency reliability of the test scores. 
As noted by Struwig and Stead (2001) there are two methods that a researcher 
could make use of to test the internal reliability of test scores, namely, the split-half 
reliability method and Cronbach’s coefficient alpha. For the purpose of this study, 
the researcher made use of Cronbach’s coefficient alpha, as it is most useful when 
used to determine the internal consistency reliability of test scores which are in a 
Likert-type format (Struwig & Stead 2001:133). 
 
As the purpose of the questionnaire was to investigate the perceptions of green 
building guidelines at the Nelson Mandela Metropolitan University, the 
questionnaire needed to probe the theoretical background regarding green 
building guidelines. To at least ensure the content-validity of the questionnaire, two 
experts were asked to assess the appropriateness of the questions contained in 
the questionnaire. 
 
3.5.2 Ethical concerns in the study 
 
To at least ensure anonymity, the respondents were not be asked to indicate their 
names or student numbers or any form of identification. Furthermore, the cover 
letter printed on the Unit of Applied Management Sciences letterhead, which 
accompanied the questionnaire, assured the respondents that the information that 
was gathered remained confidential and would not be distributed to third parties, 
but used for research purposes only. 
 
In order to conduct this study, the researchers needed ethical clearance from the 
Nelson Mandela Metropolitan University as the study was based on the direct 
perceptions of students and staff towards green building guidelines.  This study 
was approved by the Research Ethics Committee of the university. The ethics 
approval number is: H13-Eng-CMa-001. 
3.6 SUMMARY 
 
This chapter outlines the research design and methodology followed in this study.  
It started by describing the sample, the questionnaire construction and how data 
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was collected.  It also discussed the content analysis that was done as phase one 
of the data collection and analysis.  It concluded with the methods used to conduct 
the research.  In Chapter 4, the results of the empirical survey are presented and 
discussed. 
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CHAPTER 4 
RESULTS OF THE EMPIRICAL SURVEY 
4.1 INTRODUCTION 
 
In Chapter 3, the research design and methodology to obtain the information on 
the theoretical framework of this study, as well as the empirical investigation, were 
discussed.  This chapter outlines the results that were obtained from the empirical 
survey to investigate the perceptions of respondents on the green building 
guidelines for universities.  In the first section of the chapter, the demographic and 
sample description is discussed. Thereafter, the descriptive statistics of the 
questionnaire, namely, Section B (Importance of guidelines for Green Buildings at 
the Nelson Mandela Metropolitan University) and Section C (Implementation of 
guidelines for Green Buildings at the Nelson Mandela Metropolitan University) are 
outlined. The reliability and validity of the questionnaire, the gap between the 
respondents’ perceptions of the importance of green building guidelines and their 
implementation as well as the correlation analysis are discussed. The relationship 
of the independent variables on respondent perceptions of the importance of the 
green building guidelines concludes the chapter. 
 
4.2 DEMOGRAPHIC AND SAMPLE DESCRIPTION 
 
Annexure D provides a detailed outline of the frequencies of the responses in the 
questionnaire. The demographic and sample structure is described in terms of: 
 gender 
 age 
 education 
 whether the respondents’ had any formal education or training in green 
buildings 
  respondents’ function or position in the business 
  stakeholder group to which the respondent belonged 
 
Figure 4.1 illustrates the gender composition of the sample used in this survey.   
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Figure 4.1 Gender composition of the respondents  
 
(n=136) 
As indicated in Figure 4.1, 73.5% of the respondents were male, whereas 26.5% 
were female.  The reason for the skewed sample might be the male-dominated 
orientation of staff and students in the Built Environment. 
 
Figure 4.2 illustrates the age distribution of the sample used in this survey.  
Figure 4.2 Age distribution of the respondents  
 
(n=136) 
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Figure 4.2 illustrates that the majority of the respondents or 57,5% were between 
the ages of 18 and 25.  This was expected as the majority of the respondents were 
students. 
 
Figure 4.3 illustrates the education level of the sample respondents included in this 
survey. 
 
Figure 4.3 Education of sample included in the survey  
 
(n=136) 
 
Figure 4.3 illustrates that the majority of the respondents had either a national 
certificate or a diploma (43%).  
 
Figure 4.4 illustrates whether the respondents had any formal education or training 
in green buildings. 
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Figure 4.4 Formal education of respondents in green buildings 
 
(n=136) 
 
Figure 4.4 illustrates that a greater part of the respondents (81%) did not have any 
education or training in green buildings.  
 
Figure 4.5 illustrates the function or position the respondents held. 
 
Figure 4.5 Respondents’ position or function 
 
(n=136) 
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Figure 4.5 illustrates that 61% of the respondents were students while the rest of 
the spectrum was close to equally presented.  
 
Figure 4.6 illustrates the stakeholder group that the respondents belong to. 
 
Figure 4.6 Stakeholder groups of the respondents 
 
(n=136) 
 
Figure 4.6 illustrates that the greater part of the respondents were students, 29% 
of the respondents were staff members of the Nelson Mandela Metropolitan 
University and 5% of the respondents were stakeholders from outside the 
university. 
4.3 DESCRIPTIVE STATISTICS OF SECTION B AND SECTION C OF THE 
QUESTIONNAIRE 
 
Descriptive statistics provide summaries of the measures in the questionnaire. 
Since the summary describing the sample was provided in Section 4.2, this 
section outlines the descriptive results of the main variables of Sections B and C of 
the questionnaire. Table 4.1 provides the mean and standard deviation of Sections 
B and C of the questionnaire. 
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Table 4.1:  Mean and standard deviation of variables measuring the 
perceptions of the importance and implementation of the green 
building guidelines 
 
Variable 
Mean 
Section B 
Importance 
Mean 
Section C 
Implement 
 
σ 
Sect B 
σ 
Sect C 
Apply sustainability criteria in the 
design of buildings  4.01 3.38 0.89 0.86 
Apply principles of durability in 
building designs 4.25 3.64 0.80 0.79 
Design buildings such that they 
require low levels of maintenance or 
are maintenance free  4.26 3.24 0.82 0.98 
Ensure sustainable building 
operations 3.96 3.31 0.83 0.70 
Make provision for renewable energy 
in buildings (e.g. heat pumps, solar 
panels) 4.31 3.68 0.79 0.79 
Save energy in general (e.g. timers) 4.41 3.97 0.75 0.89 
Select  the site / land on which the 
university is situated to enhance 
sustainability (e.g. urban design 
framework or master plan) 3.57 3.21 0.82 1.00 
Consider renovations of buildings to 
ensure sustainability (e.g. using 
durable materials or recycled 
materials) 3.88 3.21 0.86 0.79 
Ensure conservation of buildings 3.68 3.35 0.88 0.69 
Use water efficiently (e.g. grey water 
systems or reservoir tanks) 4.28 3.66 0.80 0.87 
Ensure indoor air quality at buildings 4.22 3.63 0.79 0.89 
Ensure outdoor air quality at buildings 3.74 3.15 0.92 1.05 
Select material resources to facilitate 
sustainability (e.g. green materials or 
ISO approved materials) 3.84 3.29 0.88 0.78 
Recycling material and waste where 
possible (e.g. grey water systems) 4.01 3.74 0.88 0.95 
Use Green Star rating systems (rating 
system of Green Building South 
Africa)  3.74 3.45 1.00 0.92 
Develop the building envelope 
(upgrade existing buildings) 3.58 3.12 0.79 0.80 
Ensure project commitment by all 
stakeholders (e.g. buy in from top 
management) 3.74 3.19 1.00 0.89 
Communicate effectively to all 
stakeholders (e.g. sign off by top 3.79 3.38 0.96 0.90 
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Variable 
Mean 
Section B 
Importance 
Mean 
Section C 
Implement 
 
σ 
Sect B 
σ 
Sect C 
management) 
Ensure buy-in for projects from all 
stakeholders  3.36 3.01 0.98 0.86 
Engage the campus community when 
starting green projects (selective 
engagement) 3.56 3.54 0.94 0.98 
Implement Retrofitting – greening 
existing buildings (e.g. upgrade to 
higher standards) 3.54 2.94 0.83 0.78 
Reduce carbon footprint  4.14 2.90 0.87 0.89 
Use green or living roofs 3.49 3.01 1.02 0.86 
Dispose of waste to achieve 
sustainability (e.g. recycle processes) 4.09 3.55 0.85 0.90 
 
 
The variables in Table 4.1 were measured with five-point Likert-type scales.  For 
Section B of the questionnaire, 1 and 2 represented the degree to which 
respondents regarded the statement to be not important, 3 for important and 4 and 
5 meant that the respondents regarded the statement as very important and 
extremely important. For Section C of the questionnaire, 1 and 2 represented that 
it was not at all possible to implement or difficult to implement, 3 that it might be 
implemented and 4 and 5 meant that respondents viewed it as easy to implement 
and very easy to implement. 
 
The mean scores of the variables of Section B of Table 4.1, therefore, indicated 
that overall, most of the building guidelines were seen as important.  However, the 
mean scores of the variables of Section C of Table 4.1 indicated that overall, most 
of the building guidelines were perceived to be difficult to implement (mean values 
< 3.5). This meant that although the respondents believed that the building 
guidelines were important, they also believed that many guidelines would be 
difficult to implement at Nelson Mandela Metropolitan University. The two 
guidelines which the respondents’ perceived to be important and relatively easier 
to implement were energy conservation and recycling. Respondents were also 
asked to rank the green building guidelines that they regarded as the most 
important from 1 to 5.  Table 4.2 provides a summary of the ranking of the 
perceptions of the importance of the green building guidelines. 
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Table 4.2: Ranking of the most important green building guidelines 
 
Variable 
 
Number of times it 
was ranked   
TOTAL 
Score 
1 2 3 4 5 
Design buildings such that they require low 
levels of maintenance or are maintenance 
free  16 11 
  
7 
23 
Make provision for renewable energy in 
buildings (e.g. heat pumps, solar panels) 12 13 
  
9 
20 
Save energy in general (e.g. timers) 
11 
  
9 
 
13 
Use water efficiently (e.g. grey water systems 
or reservoir tanks) 
 
12 15 
  
11 
Apply principles of durability in building 
designs 
 
11 
   
6 
Recycle material and waste where possible 
(e.g. grey water systems) 
  
11 
  
4 
Ensure indoor air quality at buildings 
   
9 
 
2 
Reduce carbon footprint 
   
7 11 
4 
Rank 1 2 3 4 5 
Weight 1 0.5 0.33 0.25 0.20 
 
From Table 4.2, it is clear that the variable that was ranked first for the importance 
of the building guidelines included the design of buildings such that they required 
low levels of maintenance or to be maintenance free.  Secondly, was to make 
provision of renewable energy to all new buildings still to be constructed which 
should include the latest technology such as heat pumps and solar panels.  
Thirdly, was to implement energy conservation methods by means of motion 
sensors, timers and day night sensors. Table 4.3 outlines a summary of the 
ranking of the perceptions of the implementation of the green building guidelines. 
 
Table 4.3: Ranking of the green building guidelines to implement at Nelson 
Mandela Metropolitan University 
 
 
 
Variable 
 
Number of times it was 
ranked   
TOTAL 
SCORE 1 2 3 4 5 
Save energy in general (e.g. timers) 14 10 
  
9 21 
Use water efficiently (e.g. grey water 
systems or reservoir tanks)  13 12 11  14 
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Variable 
 
Number of times it was 
ranked   
TOTAL 
SCORE 
Reduce carbon footprint  13 
    
13 
Recycle material and waste where possible 
(e.g. grey water systems)     20 12   11 
Apply sustainability criteria in the design of 
buildings  9         9 
Make provision for renewable energy in 
buildings (e.g. heat pumps, solar panels) 9         9 
Ensure sustainable building operations   9       5 
Ensure indoor air quality at buildings     8 8   5 
Dispose of waste to achieve sustainability 
(e.g. recycle processes)         13 3 
Engage the campus community when 
starting green projects (selective 
engagement)         11 3 
Rank 1 2 3 4 5 
 Weight 1 0.50 0.33 0.25 0.20 
  
From Table 4.3, it is shown that the variable ranked first for the implementation of 
green building guidelines was saving energy in general. Secondly, was to utilise 
water more efficiently by means of grey water systems and reservoir tanks for 
recycling.  Thirdly, was to reduce the carbon footprint of new buildings in its design 
stage and minimise the space to be utilised for construction purposes.  A possible 
reason for these three variables being ranked so high could be the national drive 
to conserve, recycle and protect natural resources at all times and the need to  
restore the ozone layer of the planet. 
4.4 RELIABILITY OF THE QUESTIONNAIRE 
 
Before more advance statistics were used, reliability tests were conducted to 
ensure that errors to measure variables were absent or minimal. Reliability tests 
specifically ensure that a questionnaire can be consistently interpreted across 
different samples and situations. Saunders, Lewis and Thornhill (2007) state that 
reliability in research can be measured by answering the following questions: 
 Will the questionnaire yield similar results in different instances? 
 Will similar observations be made by different researchers? 
 Is the process of data analysis clear and objectively performed? 
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Statistica 10 was used to test for internal reliability of the questionnaire in order to 
determine the degree to which the test scores were accurate and consistent. The 
test scores were assessed for internal consistency by obtaining Cronbach’s 
coefficient alpha. The results of the reliability tests conducted on this study’s 
questionnaire is presented in Tables 4.4 and 4.5.  Table 4.4 outlines the Cronbach 
alphas for Section B of the questionnaire. 
 
Table 4.4: Cronbach Alpha for Section B of the questionnaire 
Variable 
Item-Total 
Correlation 
Alpha if 
deleted 
B1 0.46 0.90 
B2 0.42 0.90 
B3 0.40 0.90 
B4 0.54 0.89 
B5 0.53 0.89 
B6 0.44 0.90 
B7 0.44 0.90 
B8 0.59 0.89 
B9 0.51 0.89 
B10 0.43 0.90 
B11 0.47 0.89 
B12 0.38 0.90 
B13 0.66 0.89 
B14 0.61 0.89 
B15 0.56 0.89 
B16 0.45 0.90 
B17 0.45 0.90 
B18 0.42 0.90 
B19 0.46 0.90 
B20 0.47 0.89 
B21 0.61 0.89 
B22 0.54 0.89 
B23 0.47 0.90 
B24 0.53 0.89 
Cronbach alpha: 0.90 
 
From Table 4.4, the Cronbach alpha was 0.9 which showed that the measures / 
variables were highly reliable (Cronbach alpha > 0.7). 
 
Table 4.5 shows the Cronbach alphas for Section C of the questionnaire. 
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Table 4.5: Cronbach Alpha for Section C of questionnaire 
Variable 
Item-Total 
Correlation 
Alpha if 
deleted 
C1 0.22 0.87 
C2 0.33 0.87 
C3 0.32 0.87 
C4 0.36 0.87 
C5 0.50 0.86 
C6 0.36 0.87 
C7 0.41 0.87 
C8 0.36 0.87 
C9 0.37 0.87 
C10 0.44 0.86 
C11 0.53 0.86 
C12 0.40 0.87 
C13 0.55 0.86 
C14 0.56 0.86 
C15 0.40 0.87 
C16 0.37 0.87 
C17 0.46 0.86 
C18 0.42 0.87 
C19 0.45 0.86 
C20 0.47 0.86 
C21 0.42 0.87 
C22 0.61 0.86 
C23 0.51 0.86 
C24 0.64 0.86 
Cronbach alpha: 0.87 
 
Table 4.5 shows that the variables possessed adequate and above threshold 
(0.70) reliability. 
 
4.5 VALIDITY OF THE QUESTIONNAIRE 
 
A questionnaire’s scores were considered valid if the questionnaire measures 
what it purports to measure (Struwig & Stead, 2001:138). The validity of a 
measuring instrument’s scores refers to the extent to which the instrument 
measures what it is intended to measure. Validity tests ensure that the instrument 
used to collect data actually measures what it sets out to measure (Field, 2009). 
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Face and content validity were used to ensure the validity of the study’s 
questionnaire. To ensure face validity, the researcher checked that items related 
to the topic.   
The validity of this study’s instruments was also based on previous studies 
conducted (theory).  The content validity was done by asking experts to judge the 
guidelines included in the questionnaire. 
4.6 GAP BETWEEN THE RESPONDENTS’ PERCEPTIONS OF GREEN 
BUILDING GUIDELINE IMPORTANCE AND ITS IMPLEMENTATION 
 
Figure 4.7 depicts a scatterplot of the gap between the responses of Section C 
(implementation) of the questionnaire versus Section B (importance) of the 
questionnaire. 
Figure 4.7: Scatterplot of the respondents’ perceptions of green building 
guideline importance and implementation 
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Figure 4.7 shows that there was a wide gap between the respondents’ perception 
of the importance of green building guidelines and its implementation. This meant 
that respondents might believe that a green building guideline was important, but it 
might not be easy to implement. 
Table 4.6 provides the mean differences of the gap (B-C) between Section B 
(Importance) and Section C (implementation).  
Table 4.6: Mean differences between the perception gaps of green building 
guideline importance  
Mean Differences (B minus C)
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C2 0 C2 1 C2 2 C2 3 C2 4
B1 0.63
B2 0.62
B3 1.01
B4 0.65
B5 0.62
B6 0.44
B7 0.36
B8 0.67
B9 0.34
B10 0.62
B11 0.60
B12 0.58
B13 0.56
B14 0.27
B15 0.29
B16 0.47
B17 0.57
B18 0.43
B19 0.35
B20 0.01
B21 0.58
B22 1.23
B23 0.48
B24 0.54
Red indicates statistically significant differences (p<0.05)  
Table 4.6 indicates that the mean differences between Sections B and C of the 
questionnaire all showed significant differences with the exception of B20 and C20 
(Engaging the campus community when starting green projects). This revealed no 
significant differences between the respondents’ perceptions of the importance 
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and implementation of green guidelines. It can thus be argued that respondents 
did not differ in how they perceived the importance of engaging the campus 
community in green projects and the ease of which it could be implemented. 
Table 4.7 shows the results of the T-test of the mean differences between the 
respondents’ perceptions on the importance of green building guidelines and the 
ease of implementation of the green building guidelines. 
Table 4.7: Results of the T-Test of the mean differences between the 
respondents’ perceptions of green building guidelines’ 
importance and its implementation  
 
Marked differences are significant at p < .05000 
 
Mean Std.Dv. N Diff. Std.Dv. t df P Cohen's d 
          Diff.         
B_Total 3.90 0.48 
       C_Total 3.36 0.43 136 0.54 0.54 11.53 135 0.00000 0.99 (Large) 
          From Table 4.7, the T-tests were further employed to provide Cohen’s d statistics 
to determine whether sample differences were large enough to have practical 
significance. As practical significance indicates effect size, Cohen’s d is a measure 
of effect size and shows how big or small a significant difference is.  There was a 
statistical significant difference between how respondents perceived the 
importance of green building guidelines and how they perceived it could be 
implemented (p<0.05).  The statistical difference was also large (Cohen’s d = 
0.99).  This was expected as respondents differed in every variable except 
variable B20 and C20 (Engaging the campus community when starting green 
projects).  
4.7  CORRELATION ANALYSIS 
 
Correlation analysis measures the relationship between continuous variables 
(DeCoster, 2004). The further away the value of the correlation is from the 
centralised ‘0’ the more it shows increased strength of the relationship, ranging to 
both -1.0 and 1.0. The direction of the relationship is identified by a negative or 
positive sign. The closer the correlation coefficient is to 1.0, the stronger the 
relationship between variables.  Positive correlation coefficients indicate that 
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higher variable 1 values tend to correspond with higher variable 2 values, whilst a 
negative correlation indicates a relationship in the opposite direction. Therefore, 
higher variable 1 values tend to correspond with lower variable 2 values.  The two 
variables in this study were the respondents’ perception of the importance of green 
building guidelines (variable 1) and the respondents’ perception of the ease of 
implementation of green building guidelines (variable 2).  Table 4.8 shows the 
results of the correlation coefficients of the variables in Section B and the variables 
of Section C in the questionnaire.   
 
Table 4.8: Correlation Coefficients of Section B and Section C of the 
Questionnaire 
 
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24
B1 0.27
B2 0.22
B3 0.00
B4 0.14
B5 0.17
B6 0.09
B7 0.24
B8 0.17
B9 0.07
B10 0.25
B11 0.07
B12 0.39
B13 0.13
B14 0.14
B15 0.24
B16 0.08
B17 0.10
B18 0.18
B19 0.16
B20 0.24
B21 0.24
B22 0.19
B23 0.34
B24 0.25
Red indicates statistically significant correlations (p<0.05)  
 
Table 4.8 shows that 12 of the 24 variables (indicated in red) show statistical 
significant correlations.  The correlations were, however, all weak (below 0.5).  
The reason for this could be that although respondents differed in their perceptions 
on the importance of green building guidelines and its implementation in total, the 
individual correlations were not that strong. This indicated that respondents might 
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perceive the individual variables as important, but that it might be more difficult to 
implement.   
4.8  RESULTS OF THE GENERAL QUESTIONS 
 
Section D of the questionnaire contained five general questions where 
respondents could answer yes, no or not sure. Two-way cross tabulation were 
completed to show the responses of students versus staff (including outside 
contractors) regarding the general questions. 
 
Table 4.9 provides the results of the two-way table to show responses of staff and 
students on whether they were familiar with the requirements of the Green Star 
rating system that were used by the universities. 
 
Table 4.9: Two-way summary table of familiarity with the requirements of 
the Green Star Rating System 
 
Two-Way Summary Table: Observed Frequencies 
 
D1 D1 D1 Row 
 A6 new Yes No Not sure Totals 
 Staff 8 20 8 36 
 Row % 22.22% 55.56% 22.22% 
  Students 20 44 22 86 
 Row % 23.26% 51.16% 25.58%   
 Totals 28 64 30 122 
 
      Chi-square 0.22 df=2 p=.89511 
  
Table 4.9 indicates that more students (23,26%) than staff (22,22%) were familiar 
with the requirements of the Green Star rating system.  This was expected as the 
student respondents were all from the School of the Built Environment and should 
have been exposed to the Green Star rating system. It is, however, interesting to 
note that 51,15% of the students did not know about this rating system.  This could 
indicate that students might not have been exposed to green buildings during their 
studies.   
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Table 4.10 outlines a two-way summary of the responses of staff and students on 
whether they believed the Green Star rating system was achievable for the Nelson 
Mandela Metropolitan University. 
 
Table 4.10: Two-way summary table to indicate if the Green Star Rating 
System is achievable for Nelson Mandela Metropolitan 
University 
 
Two-Way Summary Table: Observed 
Frequencies 
 
 
D2 D2 D2 Row 
 
A6new Yes No 
Not 
sure Totals 
 Staff 8 7 21 36 
 Row % 22.22% 19.44% 58.33% 
  Students 52 1 33 86 
 Row % 60.47% 1.16% 38.37%   
 Totals 60 8 54 122 
 
      Chi-
square 22.77 df=2 p=.00001 
 Cramér's 
V 0.43 Medium practical significance 
       
Table 4.10 shows that more students (60,47%) perceived that the Green Star 
Rating System was achievable at  Nelson Mandela Metropolitan University and 
that the difference between the students’ responses and staff responses were 
statistically significant.  The responses in Table 4.10 also showed that there was a 
relatively large component of responses from both students (58,33%) and staff 
(38,35%) that they were not sure whether the Green Star Rating System was 
achievable for  Nelson Mandela Metropolitan University. This was expected as 
there was a large group of respondents that did not know what the Green Star 
rating system entailed. Table 4.11 shows a two-way summary of responses of staff 
and students on whether there should be more green awareness programmes 
implemented at Nelson Mandela Metropolitan University.  
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Table 4.11: Two-way summary table to implement more green awareness 
programmes at Nelson Mandela Metropolitan University 
 
Two-Way Summary Table: Observed Frequencies 
 
D3 D3 D3 Row 
A6new Yes No 
Not 
sure Totals 
Staff 33 2 1 36 
Row % 91.67% 5.56% 2.78% 
 Students 84 1 1 86 
Row % 97.67% 1.16% 1.16%   
Totals 117 3 2 122 
Chi-
square 2.49 df=2 p=.28785 
 
Table 4.11 suggests that both students (97,67%) and staff (91,67%) believed that 
more green awareness programmes should be implemented at  Nelson Mandela 
Metropolitan University and that the difference between the students’ responses 
and staff responses were not statistically significant. This could show that there 
should be more awareness programmes implemented to increase the awareness 
of both students and staff member of the relevant implementations from the 
GBCSA and green principles. Table 4.12 shows a two-way summary of responses 
of staff and students on whether students should be part of the development of 
green initiatives at Nelson Mandela Metropolitan University. 
  
Table 4.12: Two-way summary table to indicate whether students should be 
part of the development of green initiatives to make Nelson 
Mandela Metropolitan University more sustainable  
 
Two-Way Summary Table: Observed Frequencies 
 
 
D4 D4 D4 Row 
 
A6 new Yes No 
Not 
sure Totals 
 Staff 35 1 0 36 
 Row % 97.22% 2.78% 0.00% 
  Students 82 2 2 86 
 Row % 95.35% 2.33% 2.33%   
 Totals 117 3 2 122 
 Chi-
square 0.87 df=2 p=.64804 
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Table 4.12 denotes that both students (95,35%) and staff (97,22%) believed that 
they should be part of the development of green initiatives to assist Nelson 
Mandela Metropolitan University to become a more sustainable campus.  The 
difference between the student and staff responses were not statistically 
significant. It also showed that there was a small component of responses from 
staff members who believed that students should be involved with the 
development of green initiatives to assist Nelson Mandela Metropolitan University 
to become a more sustainable campus. 
 
Table 4.13 shows a two-way summary of responses of staff and students on 
whether Nelson Mandela Metropolitan University should develop a sustainable 
policy.  
 
Table 4.13: Two-way summary table to show whether Nelson Mandela 
Metropolitan University should develop a sustainability policy 
  
Two-Way Summary Table: Observed 
Frequencies 
 
D5 D5 D5 Row 
A6 new Yes No 
Not 
sure Totals 
Staff 30 3 3 36 
Row % 83.33% 8.33% 8.33% 
 Students 80 2 4 86 
Row % 93.02% 2.33% 4.65%   
Totals 110 5 7 122 
     Chi-
square 3.10 df=2 p=.21237 
 
Table 4.13 reveals that both students and staff members perceived that Nelson 
Mandela Metropolitan University should develop a policy regarding the 
sustainability of the campus.  From Table 4.13, it is also clear that there was a 
relative larger component of responses from students (93.02%) than staff 
(83.33%) who believed that a sustainability policy should be developed at the 
Nelson Mandela Metropolitan University.  
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4.9 EXPLORATORY FACTOR ANALYSIS 
 
Factor analysis is used to measure the variability among correlated variables so 
that underlying factors may be detected. These might show joint variations among 
the observed variables, and show up hidden factors not previously observed. 
Factor analysis can be used to explore the data for patterns, and reduce the 
numerous variables to a more controllable number (Abdi, 2003). 
 
The varimax rotation method was conducted to determine whether the variables in 
the importance of green building guidelines as well as the variables in the 
implementation of green building guidelines produced factors (groupings).  
 
Table 4.14 shows the results of the exploratory factor analysis of Section B of the 
questionnaire. 
 
Table 4.14: Results of exploratory factor analysis of Section B of the 
questionnaire 
 
VARIABLE 
Factor 
1 2 3 4 5 
B1 .054 .048 .803 -.034 -.111 
B2 .056 .069 .743 .045 -.055 
B3 -.075 -.112 .335 -.098 .436 
B4 -.031 .079 .522 -.144 .227 
B5 .160 -.066 .157 -.438 .066 
B6 .218 -.225 .062 -.396 .133 
B7 .061 .219 .132 -.208 .119 
B8 .268 -.059 .069 -.421 .147 
B9 -.064 -.001 .110 -.464 .297 
B10 .418 .011 -.095 .001 .342 
B11 .067 .169 -.075 -.072 .614 
B12 .172 .021 .000 .048 .527 
B13 .513 .184 .072 -.222 .009 
B14 .626 .023 .157 .012 .140 
B15 .603 .131 .109 -.007 .012 
B16 .144 .044 .077 -.312 .094 
B17 .140 .751 .149 .068 -.002 
B18 .081 .874 .027 .022 .008 
B19 -.084 .505 -.013 -.350 .114 
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VARIABLE 
Factor 
1 2 3 4 5 
B20 -.096 .216 -.056 -.653 .034 
B21 .111 .034 .187 -.752 -.213 
B22 .644 -.070 .156 .007 .053 
B23 .561 -.059 -.145 -.417 -.173 
B24 .722 .110 -.050 .049 .068 
Extraction Method: Principal Axis Factoring.  
Rotation Method: Oblimin with Kaiser Normalisation. 
Rotation converged in 12 iterations. 
 
Table 4.14 shows five factors were extracted.  As this study did not group the 17 
green building guidelines that were proposed at the start, the exploratory factor 
analysis only showed that these guidelines could be grouped into five factors.  
This analysis should be tested and included in a follow-up study.   
 
Table 4.15 shows the results of the exploratory factor analysis of Section C of the 
questionnaire. 
 
Table 4.15: Results of exploratory factor analysis of Section C of the 
questionnaire 
 
 Variable 
Factor 
1 2 3 4 5 
C1 -.056 .110 .744 .035 -.199 
C2 -.082 .028 .799 .027 .093 
C3 .145 -.014 .249 -.030 .279 
C4 .207 .102 .149 .009 .147 
C5 .414 -.092 .219 .164 .153 
C6 .708 -.100 .117 -.142 .040 
C7 .089 .091 -.055 .141 .436 
C8 .061 .050 -.064 .059 .557 
C9 .143 -.068 .051 .327 .134 
C10 .631 .023 -.122 -.006 .123 
C11 .446 .117 -.063 -.059 .420 
C12 -.005 .045 .061 .150 .515 
C13 .416 .067 .143 .069 .219 
C14 .601 .239 -.201 .172 -.031 
C15 .206 .164 .104 .225 -.072 
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 Variable 
Factor 
1 2 3 4 5 
C16 -.115 .020 -.055 .452 .338 
C17 -.209 .749 .021 .086 .142 
C18 -.017 .879 -.003 -.069 -.097 
C19 -.018 .615 .087 -.007 .084 
C20 .171 .620 .003 -.046 -.003 
C21 -.100 .107 -.066 .567 .161 
C22 .348 .180 .231 .353 -.133 
C23 -.006 -.009 .135 .774 -.045 
C24 .587 .165 -.024 .459 -.266 
Extraction Method: Principal Axis Factoring.  
Rotation Method: Oblimin with Kaiser Normalisation. 
Rotation converged in 23 iterations. 
 
Results in Table 4.15 show that five factors were extracted and that the factors 
were very similar to those obtained in the results of the factors of Section B of the 
questionnaire.  As both Sections B and C contained the 17 green building aspects, 
it could be suggested that the following five factors be considered as possible 
groupings for green building guidelines, namely: 
 
 Design of buildings 
 Energy and Water 
 Project management 
 Building envelope 
 Site quality 
 
These five groups could be further developed in future studies to be included in 
the factors for green building guidelines.  
 
4.10 RELATIONSHIPS OF THE INDEPENDENT VARIABLES ON THE 
PERCEPTIONS OF GREEN BUILDING GUIDELINE IMPORTANCE AND 
IMPLEMENTATION 
 
The MANOVA (multivariate analysis of variance) test measures statistically 
significant mean differences between independent and dependent variables 
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(DeCoster, 2004). The test also measures the size and directional correlations 
among them.  
 
It is also important to consider whether the independent variables, for example, 
gender, age and education in Section A of the questionnaire had a relationship 
with the way the respondents answered the importance of the green building 
guidelines section (Section B of the questionnaire) and the implementation of the 
green building guidelines (Section C of the questionnaire).  The independent 
variables were compared with the entire section B (as the dependent variable) and 
with the entire implementation of green building guidelines Section C (as another 
dependent variable). Where a statistical significant difference (p<0.05) to the 
responses was found, it was further broken down to investigate the relationships of 
the individual variables/statements.   To ensure that MANOVAS could be done, it 
was necessary to group some of the independent variables as some of the 
variables contained too few responses.  The independent variables that were 
grouped together as a result of too few responses included: 
 
 Age (age groups above 45 years were combined) 
 Function or position of respondent in the business (combined to form two 
groups, namely, students/employees and management)  
 Stakeholder group (groups combined to form staff and students) 
 
Table 4.16 shows the results obtained from the MANOVA of the relationship that 
gender had on the perceptions of green building guideline importance and 
implementation (Sections B and C of the questionnaire). 
 
Table 4.16: Results of the MANOVA to show relationships between gender 
and green building guideline importance and implementation 
  
A1 B_Total B_Total B_Total C_Total C_Total C_Total 
  Means N Std.Dev. Means N Std.Dev. 
Male 3.89 100 0.49 3.38 100 0.44 
Female 3.90 36 0.45 3.28 36 0.40 
All Groups 3.90 136 0.48 3.36 136 0.43 
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Multivariate Tests of Significance 
 
  Test Value F Effect Error p 
        Df df   
A1 Wilks 0.987 0.87 2 133 0.4224 
 
Table 4.16 shows that there was no statistical significant differences between 
males and females (P=0.4224) and how they perceived the importance of green 
building guidelines (Section B of the questionnaire) and the implementation of 
green building guidelines (Section C of the questionnaire). 
 
Table 4.17 shows the results obtained from the MANOVA of the relationship that 
age had on the perceptions of the importance and implementation of the green 
building guidelines (Sections B and C of the questionnaire).  It should be noted 
that the age groups were newly categorised and not as outlined in the 
questionnaire owing to low responses for respondents older than 45 years. This 
was an indication that more students in the age group of 18 – 24 years were 
targeted to complete Section A (Biographical Details) as they were studying in the 
field of the Built Environment at Nelson Mandela Metropolitan University. 
 
Table 4.17: Results of the MANOVA to show relationships between 
respondents’ age and green building guideline importance and 
implementation  
 
A2new B_Total B_Total B_Total C_Total C_Total C_Total 
  Means N Std.Dev. Means N Std.Dev. 
18-24 years 3.91 78 0.49 3.39 78 0.43 
25-34 years 3.92 22 0.32 3.42 22 0.42 
35-44 years 3.60 14 0.41 3.15 14 0.38 
45+ years 3.99 22 0.54 3.30 22 0.48 
All Groups 3.90 136 0.48 3.36 136 0.43 
 
Multivariate Tests of Significance 
 
  Test Value F Effect Error p 
        Df df   
A2new Wilks 0.930 1.62 6 262 0.1416 
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Table 4.17 shows that there were no statistical significant differences between the 
responses received from the various age groups of the respondents. It was thus 
clear that respondents from various age groups had perceived the importance and 
implementation of building guidelines in a similar manner. 
 
Table 4.18 shows the results obtained from the MANOVA of the relationship that 
education has on the perceptions of the importance and implementation of the 
green building guidelines (Sections B and C of the questionnaire). 
 
Table 4.18: Results of the MANOVA to show relationships between 
education and green building guideline importance and 
implementation  
 
A3 B_Total B_Total B_Total C_Total C_Total C_Total 
  Means N Std.Dev. Means N Std.Dev. 
Gr 12 or 
equivalent 4.03 44 0.50 3.44 44 0.48 
NCert./Diploma 3.82 58 0.45 3.36 58 0.36 
Postgraduate 3.88 30 0.48 3.17 30 0.41 
All Groups 3.90 132 0.48 3.34 132 0.43 
 
Multivariate Tests of Significance 
 
  Test Value F Effect Error P 
        df df   
A3 Wilks 0.911 3.06 4 256 0.0172 
 
Analysis of Variance 
  
Marked effects are significant at p < .05000  
  F P         
B_Total 2.64 0.0752         
C_Total 3.95 0.0217 
(Scheffe post hoc test reveals that 
only "Gr12 or equivalent" differs 
significantly from "Postgraduate" 
(p=0.0230): 
Cohen's d=0.61 (Medium))  
      
      
      
 
Table 4.18 shows the statistical significant differences between respondents with 
various education levels and how they perceived the importance and 
implementation of green building guidelines (P<0.05).  The difference was found in 
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how respondents with a post-graduate qualification perceived the implementation 
of green building guidelines versus other educational groups who might not have 
had formal education in the field of green building guidelines. 
 
Table 4.19 shows the results obtained from the MANOVA of the relationship that 
respondents with formal education in green building had on the perceptions of the 
importance and implementation of the green building guidelines (Sections B and C 
of the questionnaire). 
 
Table 4.19: Results of the MANOVA to show the relationships between 
formal education of green buildings and green building 
guideline importance and implementation 
  
A4 B_Total B_Total B_Total C_Total C_Total C_Total 
  Means N Std.Dev. Means N Std.Dev. 
Yes 3.79 11 0.55 3.32 11 0.47 
No 3.90 108 0.47 3.36 108 0.44 
Not sure 3.95 14 0.49 3.40 14 0.33 
All Groups 3.90 133 0.48 3.36 133 0.43 
Multivariate Tests of Significance  
  
  Test Value F Effect Error P 
        Df df   
A4 Wilks 0.994 0.20 4 258 0.9391 
              
 
Table 4.19 shows there was no statistical significant differences between the 
respondents who had had formal education in green buildings in terms of the level 
of and how they perceived the importance and implementation of green building 
guidelines. Table 4.20 shows the results obtained from the MANOVA of the 
relationship that position or function in the organisation had on the perceptions of 
the importance and implementation of the green building guidelines. 
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Table 4.20: Results of the MANOVA to show relationships between position 
or function within Nelson Mandela Metropolitan University and 
green building guideline importance and implementation 
 
A5new B_Total B_Total B_Total C_Total C_Total C_Total 
  Means N Std.Dev. Means N Std.Dev. 
Management 3.86 26 0.52 3.27 26 0.42 
Employee/Student 3.89 104 0.47 3.37 104 0.44 
All Groups 3.89 130 0.48 3.35 130 0.44 
Multivariate Tests of Significance 
  Test Value F Effect Error p 
        Df df   
A5new Wilks 0.991 0.60 2 127 0.5517 
 
Table 4.20 shows that there was no statistical significant difference between the 
various position levels  ranging from students to top management within  Nelson 
Mandela Metropolitan University and how they perceived the importance and 
implementation of green building guidelines (P<0.05) within  Nelson Mandela 
Metropolitan University.  Table 4.21 shows the results obtained from the MANOVA 
of the relationship that stakeholder groups had on the perceptions of the 
importance and implementation of the green building guidelines (Sections B and C 
of the questionnaire). 
 
Table 4.21: Results of the MANOVA to show relationships between 
stakeholder groups and of green building guideline importance 
and implementation  
 
A6new B_Total B_Total B_Total C_Total C_Total C_Total 
  Means N Std.Dev. Means N Std.Dev. 
Staff 3.89 38 0.51 3.24 38 0.42 
Students 3.92 89 0.47 3.42 89 0.42 
All Groups 3.91 127 0.49 3.37 127 0.43 
Multivariate Tests of Significance  
  Test Value F Effect Error p 
        Df df   
A6new Wilks 0.963 2.36 2 124 0.0987 
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Table 4.21 shows that there was no statistical significant difference between the 
various stakeholders within Nelson Mandela Metropolitan University and their 
perception of the importance and implementation of green building guidelines 
(P<0.05).    
4.11 SUMMARY 
 
Chapter 4 presented an overview of the demographic profile of the study’s 
respondents.  The majority of the respondents were males, in the age groups of 18 
to 24 years with at least a national diploma. Most of the respondents had not 
received any formal training on green buildings and were students.  The 
descriptive statistics of Sections B and C of the questionnaire showed that most 
building guidelines were perceived as important, but difficult to implement. The 
building guideline that was ranked the most important was the design of buildings 
so that they required low levels of maintenance or were maintenance free.  The 
building guideline that was ranked the easiest to implement was saving energy in 
general.  
 
The Cronbach alphas indicated that the measuring instrument has internal 
reliability. The gap between the respondents’ perceptions of the importance of 
green building guidelines and the implementation thereof was found to be large 
and statistically significant. Correlation analysis indicated that half the variables 
showed statistically significant correlations with the importance and 
implementation perceptions of green building guidelines and that the correlations 
were weak. An analysis of the general questions showed that more students were 
familiar with the requirements of the Green Star rating than staff and that they 
believed that such a rating was achievable. Both students and staff believed that 
more green awareness programmes should be implemented at Nelson Mandela 
Metropolitan University. The majority of respondents (both staff and students) 
believed that a sustainability policy should be developed.  Exploratory factor 
analysis identified five factors that could be used in further studies.  These factors 
included the design of buildings, energy and water, project management, the 
building envelope and site quality.  
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The MANOVA analysis showed that only one independent variable was 
statistically different to the perception of green building guideline importance and 
implementation. The only statistical difference that could be found was in how 
Grade 12 respondents and post-graduate respondents perceived the importance 
and implementation of green building guidelines.  No statistical significant 
differences could be found between males and females, among various age 
groups and rank in the organisation.  In Chapter 5, the study is summarised and 
concluding arguments are highlighted in answering the research questions. 
Contributions and recommendations are then made to industry. 
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CHAPTER FIVE 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 INTRODUCTION 
 
This chapter presents a brief summary of preceding chapters, followed by 
appropriate conclusions and recommendations. Thereafter, the limitations of the 
study as well as suggestions for further research are discussed. The chapter 
concludes by providing some reflections on the study. 
 
5.2 REVIEW OF CHAPTERS  
 
Chapters one to four in the study are reviewed in section 5.2. 
 
5.2.1 Chapter 1 
 
Chapter 1 discussed the background to the study, the problem statement and the 
primary and secondary objectives of the study. Furthermore, this chapter provided 
an overview of the research design and methodology which was used to obtain the 
empirical data for the study. Concluding this chapter was an outline of the study’s 
chapters. 
 
The primary objective of this research was to develop a set of guidelines for green 
buildings at Nelson Mandela Metropolitan University. To give effect to the primary 
objective of this study, the following secondary objectives were formulated: 
 
 To conduct a literature review on the guidelines for green buildings at 
universities in international and local contexts. 
 To collect secondary data of guidelines for green buildings at South African 
universities from the websites of the universities. 
 To develop a proposed framework to develop guidelines for green buildings 
at universities. 
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 To investigate the perceptions of different stakeholders on the proposed 
guidelines for Nelson Mandela Metropolitan University green buildings by 
means of empirical data. 
 
Given the stated objectives of the research, a number of research questions 
needed to be addressed. These included: 
 
 What guidelines exist for green buildings at universities? 
 Do South African universities implement any guidelines for green buildings? 
 Which guidelines for green buildings could be used as benchmarks for 
universities in South Africa? 
 What are the perceptions of different Nelson Mandela Metropolitan University 
stakeholders regarding the guidelines for green buildings? 
 
The first step in this research process was thus to conduct a literature study that 
was presented in Chapter 2 of the dissertation.  This literature study provided a 
theoretical overview of principles and guidelines for green buildings.  This 
theoretical background also provided a basis to develop a proposed set of 
guidelines for green buildings. Once the proposed framework was in place, it was 
investigated by means of empirical data. 
 
Primary data was collected during two stages in this research.  During the first 
stage, data was collected from the websites of all South African universities. 
During the second stage data was collected by using a questionnaire survey.  
Chapter 3 outlined the research methodology applied in the study in more detail. 
 
5.2.2 Chapter 2 
 
This chapter provided a literature overview of green building guidelines. It defined 
a green building and showed the characteristics of an intelligent building. The 
barriers and motivations for green buildings were discussed and green building 
rating systems were outlined. The chapter concluded with a set of green building 
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guidelines from international and South African contexts as identified in the 
literature. 
Although a green building is a multifaceted concept that lends it to many 
interpretations and definitions, for the purposes of this study, a green building was 
defined as an environmentally sustainable building, designed, constructed and 
operated to minimise the total environmental impact. Green buildings thus take the 
building location, design, process and lifespan into consideration. 
Regarding location, the proximity to public transportation and services that are 
appropriate for the temporal and spatial context of the green buildings are 
important. Green buildings further minimise ecological footprint, maximise energy 
efficiency and make use of energy sources that are contextually viable. 
The design of the building should maximise the use of space for inhabitants to live 
comfortably without waste and optimise indoor air quality so as to heighten human 
health and comfort. 
In the process of construction, it is important that local building materials and 
construction services are used, and that recycled materials are sourced as far as 
possible. 
During the lifespan of the building, daily energy consumption should be reduced or 
minimised and waste as well as environmentally friendly decisions made. 
The building industry uses the term intelligent building to describe the way the 
design, construction, and management of a building can ensure that the building is 
flexible and adaptable, and, therefore, profitable during its full life span. Although 
there is no universal definition of an intelligent building, a degree of consensus of 
the intelligent building concepts exists. One of the areas of agreement is that of an 
automated building. 
  
An overview of the current literature on the barriers and motivations to the 
implementation of green buildings, and, more specifically, with regard to university 
campuses, revealed two recurring themes, namely, financial and organisational. 
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To implement green buildings successfully on a university campus, leadership 
such as a project champion, sustainable targets and collaboration between 
designers and academics were important. The successful implementation of green 
buildings at Higher Education Institutions (HEIs) further require four main factors, 
namely, internal leadership, financial vision, sustainability targets and 
communication, collaboration and implementation. 
The first green building rating system called the Building Research Establishment 
Environmental Assessment Method (BREEAM) was introduced in the UK in 1990. 
Since then, rapid growth occurred  in the number of green building rating systems 
in the world. During the span of 17 years, more than 23 countries have adopted 
some kind of green building rating system. These rating systems are effective 
guidelines as to what green buildings should entail. 
Although the Green Building Council of South Africa has developed rating systems  
to evaluate a new building’s energy and resource efficiency, along with its 
environmental responsibility (Green Star), no rating system exists within South 
Africa with respect to the operation and maintenance of existing buildings. The 
United States Green Building Council’s LEED (Leadership in Energy and 
Environmental Design) rating tool for existing buildings might be utilised so as to 
attain green building status through the operation and maintenance of an existing 
building. 
 
The Green StarTM SA Rating Tool makes use of nine assessment categories, 
namely, management, indoor environmental quality, energy, transport, water, 
materials, land use and ecology, emissions and innovation. 
 
LEED, on the other hand, promotes a whole-building approach to sustainability by 
recognising performance in the areas of sustainable sites, water efficiency, energy 
and atmosphere, materials and resources as well as indoor environmental quality.  
 
A vast number of guidelines and rating systems for green buildings exist in 
international contexts. Specific country cases illustrating the green building 
guidelines in international contexts were outlined.  Green building guidelines in 
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Hong Kong, India, North America, China and Australia were compared to one 
another.   A study of green building guidelines and rating systems in the South 
African context revealed how the buildings on South African Higher Education 
campuses lags behind their international counterparts in terms of environmental 
friendliness. 
 
From the literature overview, it was possible to develop a framework containing 
seventeen green building aspects from which to develop guidelines. These 
seventeen proposed green building aspects included: 
 
 Sustainable/durable/low maintenance building design and 
operation 
 Energy efficiency and conservation 
 Site / Land management, renovation and conservation 
 Water efficiency 
 Indoor air quality 
 Outdoor air quality 
 Material resource management and recycling 
 Rating systems 
 Building envelope 
 Project commitment  
 Project communication 
 Relevant partnerships  
 Campus community engagement 
 Retrofitting – greening existing buildings 
 Carbon neutrality  
 Green or living roofs 
 Waste 
5.2.3 Chapter 3 
 
This chapter discussed the research methodology and design of the study.  It 
showed that a two stage process was used to obtain information to evaluate green 
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building guidelines critically at South African universities. Green building 
guidelines, as available at South African universities, were firstly explored by 
means of a content analysis of all South African university websites (Stage 1 of the 
research). The intention was to determine which green building guidelines were 
reported on the websites. The methodology followed to investigate the websites of 
South African universities was qualitative in nature. The results of the content 
analysis set the scene for the second stage in the research process, namely, to 
obtain empirical data on the guidelines for green buildings at a South African 
university by means of a questionnaire.  
 
All the websites of South African universities were investigated to obtain 
information that was reported or relevant on their websites regarding any green 
project / building / initiatives of the university and / or any green building 
guidelines. During May 2012, the relevant information on websites of all 23 
universities in South Africa was analysed.  Any information found on green 
initiatives were downloaded and saved in a file for the specific university. Of the 23 
universities, only eight universities provided any information about green initiatives 
on their websites.   
 
The eight files downloaded from the universities that reported green initiatives, 
were printed and filed.  A specific content analysis process was used to analyse 
the printed information. Various categories of green initiatives, reported on the 
website, were identified.  This identification of green initiatives did not focus only 
on green building guidelines, but also on all green initiatives reported.  Four 
categories emerged, namely: 
 
 Green Research 
This category included universities reporting on research of staff members on 
sustainability.  This category included research in the form of a complete published 
article of a staff member whereas to other universities just indicating that the 
research area of sustainability was important at their university. 
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 Green Building 
This category indicated whether the website reported if the university had any 
green buildings or any guidelines for green buildings. 
 
 Green Initiatives 
This category included green initiatives by either staff or students at the university. 
 
 Future Plans 
Many universities reported on their websites about what they were still planning to 
do with respect to becoming green.  This was included under this category. 
 
The information available on South African university websites regarding green 
buildings was limited and only two universities, namely, the University of Cape 
Town and the University of Pretoria reported that they had a green building. None 
of these universities posted guidelines for green buildings on their websites, 
therefore, it could not be ascertained whether they had guidelines and how they 
compared with the rating systems found in literature.    
 
Stage two in the empirical research process involved the collection of empirical 
data to investigate guidelines for green buildings at Nelson Mandela Metropolitan 
University. A purposeful convenience sample of 150 respondents was used in this 
study.  Fifty respondents were selected from Nelson Mandela Metropolitan 
University staff and contractors and 100 students were selected from the Faculty 
of Engineering, the Built Environment and Information Technology. To obtain a 
sampling frame, the Nelson Mandela Metropolitan University prospectus was used 
to source the names of academics, administrative and professional staff.  
Lecturers in the Department of Building and Human Settlement Development were 
asked to allow students to complete questionnaires during their lectures.  For 
contractors, a list of contractors employed by Nelson Mandela Metropolitan 
University was obtained from the Department of Infrastructural Projects. 
 
A questionnaire was chosen as data collection instrument.  The questionnaire was 
developed based on the literature and the qualitative research results. The 
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questionnaire consisted of four sections. Section A contained questions on the 
demographic details of the respondents. Section B contained questions to 
measure the perceptions of the respondents on the importance of green buildings 
guidelines at South African universities.   
 
Section C contained questions to measure the perceptions of the respondents on 
the implementation of green building guidelines at South African universities. The 
last section, Section D, contained general questions to elicit more information 
about the respondents’ understanding of green building guidelines. 
 
In order to conduct this study, ethical clearance was needed from Nelson Mandela 
Metropolitan University as the study was based on the direct perceptions of 
students and staff towards green building guidelines.  This study was approved by 
the Research Ethics Committee of the university. The ethics approval number is: 
H13-Eng-CMa-001. 
 
To ensure the proper construction and execution of the empirical survey, a pilot 
study was conducted with 10 respondents completed the questionnaire.  The 
results were captured in Microsoft Excel. Thereafter, descriptive statistics were 
used to investigate if there were problematic variables.  The respondents were 
also asked to indicate any problems experienced.  Only minor adjustments were 
necessary before the final questionnaire was ready to be used in the main study. 
The empirical survey was conducted thereafter with the researcher personally 
distributing and collecting the questionnaires.   
 
Before raw data can be used in research, it needs to be edited. The process of 
editing refers to the examination of the data to ensure that the data is complete 
and that it is consistent. Therefore, the data which was derived from the coded 
information and subsequently conveyed into the Excel spreadsheets, was edited. 
This was done using a process whereby another researcher verified the accurate 
transference from the coded information to the spreadsheets.  
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The purpose of the questionnaire was to investigate the perceptions of 
respondents on green building guidelines at Nelson Mandela Metropolitan 
University.  The questionnaire should accordingly encompass the theoretical 
background regarding green building guidelines. To at least ensure the content-
validity of the questionnaire, two experts were asked to judge the appropriateness 
of the questions in the questionnaire. For the purpose of this study, Cronbach’s 
coefficient alpha was used to determine the internal consistency reliability of test 
scores, which were obtained in a Likert-type scale format. 
 
In order for data to have meaning, it needs to be analysed and interpreted. This 
analysis can either be done using descriptive or inferential statistics. Through the 
provision of statistical summaries, descriptive statistics intended to present the 
data in a form that was easy to interpret. The results of the data analysis were 
discussed in Chapter 4. 
 
 5.2.4 Chapter 4 
 
This chapter presented the results that were obtained from the empirical survey in 
order to investigate the perceptions of respondents on green building guidelines 
for universities.  First, the demographics and sample were provided. Thereafter, 
the descriptive statistics, the reliability and validity of the questionnaire and data, 
the gap between the respondents’ perceptions of green building guideline 
importance and their implementation as well as the correlation analysis was given. 
Lastly, the relationship of the independent variables on respondents’ perceptions 
on the importance and implementation of green building guidelines were 
investigated. 
 
The results of the demographics of the sample respondents showed that the 
majority of the respondents were male, in the age groups of 18 to 24 years with at 
least a national diploma qualification. Most of the respondents had not received 
any formal training on green buildings and were students. 
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The descriptive statistics of Sections B and C of the questionnaire showed that 
most building guidelines were perceived as important, but difficult to implement. 
The building guideline that was ranked the most important included the design of 
buildings so that they required low levels of maintenance or was maintenance free.  
The building guideline that was ranked the easiest to implement was the saving of 
energy in general.  
 
Before more advanced statistics were used, reliability tests were conducted to 
ensure that the variables in the questionnaire were reliable. Cronbach alphas for 
the measures to investigate the perceptions of the importance of the green 
building guidelines were extremely high, with an overall alpha of 0,9. The 
Cronbach alphas for the questions to investigate the perceptions of the 
implementation of the green building guidelines were extremely high with an 
overall alpha of 0.87. This showed that the variables possessed adequate and 
above threshold (0.70) reliability. It also ensured that the measures at least had 
face and content validity. 
 
The gap between the responses of the perceptions of the importance and 
implementation of green building guidelines were first explained by means of a 
scatterplot.  This showed a wide gap among the responses.  In investigating the 
mean differences of Sections B and C of the questionnaire, all variables showed 
significant differences besides B20 and C20 (engaging the campus community 
when starting green projects). These variables (B20 and C20) showed no 
significant differences between the respondents’ perceptions of the importance 
and its implementation. 
T-tests of the mean differences between the respondents’ perception on the 
importance of green building guidelines and the implementation of the green 
building guidelines showed that there was a statistical significant difference 
between how respondents perceived the importance of green building guidelines 
and how they perceived its implementation (p<0.05).  The statistical difference was 
also large (Cohen’s d = 0.99). 
SUMMARY, CONCLUSIONS AND RECOMMENTATIONS CHAPTER 5 
 
100 
 
Correlation analysis between the respondents’ perception on the importance of 
green building guidelines and their implementation showed that for 12 of the 24 
variables, there were statistical significant correlations.  The correlations were, 
however, all weak (below 0.5). The reason for this could be that although 
respondents differed in their perceptions on the importance of green building 
guidelines and their implementation in total, the individual correlations were not 
that strong. 
 
The results of the general questions showed that more students than staff were 
familiar with the requirements of the Green Star rating system. This was expected 
as the student respondents were all from the Department of Building and Human 
Settlement Development. The results further indicated that more students 
perceived that the Green Star rating system was achievable at Nelson Mandela 
Metropolitan University and that the difference between the student and staff 
responses was statistically significant.  More students than staff believed that 
green awareness programmes should be implemented at Nelson Mandela 
Metropolitan University. Students, more than staff believed that they should be 
part of the development of green initiatives to assist Nelson Mandela Metropolitan 
University to become a more sustainable campus. A relatively large component of 
responses from both students and staff clearly indicated that a policy regarding 
sustainability should be developed at Nelson Mandela Metropolitan University.  
 
Although this study’s questionnaire included 24 variables to investigate the 
proposed green building guidelines, none of the variables were grouped together 
into one group (factor).  To investigate whether these 24 variables could indeed be 
grouped into factors, an exploratory factor analysis was performed. The 
exploratory factor analysis showed that the 24 guidelines could be grouped into 
five factors, namely, design of buildings, energy and water, project management, 
building envelope and site quality.   
 
To investigate the relationships of the independent variables, for example, gender, 
age and education with the way the respondents answered the importance of the 
green building guidelines and its implementation, MANOVAS were done. To 
SUMMARY, CONCLUSIONS AND RECOMMENTATIONS CHAPTER 5 
 
101 
 
ensure that MANOVAS could be done, it was necessary to group some of the 
independent variables as some of the variables contained too few responses.  The 
independent variables that were grouped together as a result of too few responses 
included age (age groups above 45 years were combined); function or position of 
respondent in the business (combined to form two groups namely 
students/employees and management) and stakeholder group (groups combined 
to form staff and students). 
 
The results of the MANOVAS showed the following: 
 
 There was no statistical significant differences between males and females 
(P=0.4224) and how they perceived the importance of green building 
guidelines and its implementation. 
 
 There were no statistical significant differences among the responses 
received from the various age groups and how they perceived the importance 
of green building guidelines and its implementation. It was thus clear that 
respondents from various age groups had perceived the importance and 
implementation of building guidelines in a similar manner. 
 
 There were statistical significant differences between respondents with 
various education levels and how they perceived the importance and 
implementation of green building guidelines (P<0.05).  The difference was 
found in how post-graduate students perceived the implementation of green 
building guidelines versus how the other educational groups which did not 
have formal education in the field of green building guidelines. 
 
 There were no statistical significant differences between the respondents 
who had formal education in green buildings and how they perceived the 
importance and implementation of green building guidelines. 
 
 There were no statistical significant differences between the various positions 
ranging from students to top management within Nelson Mandela 
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Metropolitan University and how they perceived the importance and 
implementation of green building guidelines at Nelson Mandela Metropolitan 
University.   
 
 There were no statistical significant differences between the various 
stakeholders within Nelson Mandela Metropolitan University and their 
perception of the importance and implementation of green building guidelines 
(P<0.05).    
 
5.3 CONCLUSION AND RECOMMENDATIONS 
 
This section first discusses the conclusions from stage one (content analysis of 
websites) and then the conclusions from the empirical results.  This is followed by 
recommendations that focus on proposing a set of green building guidelines for 
Nelson Mandela Metropolitan University. 
 
5.3.1 Conclusions and recommendations from the content analysis of the 
websites of South African Universities  
 
This content analysis of university websites in South Africa did not produce any 
additional green building aspects from which to develop guidelines to add to the 
seventeen green building aspects identified in the literature, but the results 
showed that there is a great need to develop such guidelines, and that the South 
African university sector is indeed faced with a great challenge in this area. 
 
The research indicated that a far better response from universities is needed to 
provide sustainable and green buildings on university campuses.  As conventional 
education buildings are typically designed to meet only minimum standards as 
stipulated in building codes, the result is that facilities are not necessarily designed 
to provide comfortable, productive or healthy work environments for students. 
Although the Green Building Council of South Africa has developed rating systems 
to evaluate a new building’s energy and resource efficiency along with its 
environmental responsibility (Green Star), there is still uncertainty whether South 
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African universities use these rating systems and implement the principles 
required to develop green buildings. The results of the content analysis set the 
scene for empirically investigating the 17 proposed aspects to consider in 
developing guidelines for green buildings at South African universities. 
 
It is also important to note that the South African universities should strive to report 
their green initiatives on their websites as this is not currently documented. 
 
5.3.2 Conclusions and recommendations from the results of the empirical 
study 
 
In drawing conclusions from the results, it is important to consider the 
demographics of the study’s respondents.  The majority of the respondents were 
male, in the age groups of 18 to 24 years with at least a national diploma 
qualification. Most of the respondents were students and had not received any 
formal training on green buildings.  The descriptive statistics of Sections B and C 
of the questionnaire showed that most building guidelines were perceived as 
important, but difficult to implement. The green building guideline that was ranked 
the most important was the design of buildings so that they require low levels of 
maintenance or are maintenance free.  The building guideline that was ranked the 
easiest to implement was to save energy in general. This is expected as people 
are exposed to many energy saving campaigns in South Africa and may believe 
that such measures are easy to implement. 
 
Cronbach alphas indicated that the variables in the measuring instrument 
contained internal reliability. The gap between the respondents’ perceptions of the 
importance of green building guidelines and the implementation thereof was found 
to be large and statistically significant.  Correlation analysis indicated that half the 
variables showed statistically significant correlations with the importance and 
implementation perceptions of green building guidelines and that the correlations 
were weak. This may show that although the respondents perceived that certain 
green building guidelines are important, they argued that it might not be easy to 
implement. 
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An analysis of the general questions showed that more students were more 
familiar with the requirements of the Green Star rating than staff and that they 
believed that such a rating was achievable. Both students and staff believed that 
more green awareness programmes should be implemented at Nelson Mandela 
Metropolitan University. The majority of respondents (both staff and students) 
believed that a sustainability policy should be developed. 
 
Exploratory factor analysis identified five factors that could be used in further 
studies.  These factors included the design of buildings, energy and water, project 
management, the building envelope and site quality. 
 
MANOVA analysis indicated that only one independent variable showed a 
statistical difference to the perception of the importance and implementation of 
green building guidelines. The only statistical difference could be found in how 
Grade 12 respondents and post-graduate respondents perceived the importance 
and implementation of green building guidelines.  No statistical significant 
differences could be found between males and females, or among various age 
groups and ranks in the organisation.   
 
5.3.3 Conclusions and recommendations on a proposed set of green 
building guidelines for Nelson Mandela Metropolitan University 
 
The 17 green building aspects that were suggested (see Table 2.7) to assist in 
developing green building guidelines were used to investigate empirically the 
perceptions of the respondents.  The results showed that these 17 aspects were 
indeed a good start and that these variables should be grouped into five factors, 
namely (see section 4.9): 
 
 Design of buildings 
 Energy and water 
 Project management 
 Building envelope 
 Site quality 
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Considering the seventeen suggested green building aspects and the five groups 
identified, a proposed set of building guidelines were developed.  Table 5.1 
outlines the proposed set of building guidelines for Nelson Mandela Metropolitan 
University 
 
Table 5.1: Proposed green building guidelines for Nelson Mandela 
Metropolitan University 
Factor Building aspect Building guideline 
Design of 
buildings 
Sustainable/durable/low 
maintenance building 
design and operation 
Apply sustainability criteria in the 
design of buildings  
Apply principles of durability in building 
designs 
Design buildings such that they require 
low levels of maintenance or are 
maintenance free  
Ensure sustainable building operations 
Energy and water Energy efficiency and 
conservation 
Make provision for renewable energy 
in buildings (e.g. heat pumps, solar 
panels) 
Save energy in general (e.g. timers) 
Water efficiency Use water efficiently (e.g. grey water 
systems or reservoir tanks) 
Building 
Envelope 
Building envelope Consider renovations of buildings to 
ensure sustainability (e.g. using 
durable materials or recycled 
materials) 
Ensure conservation of buildings 
Develop the building envelope 
(upgrade existing buildings) 
Retrofitting – greening 
existing buildings 
Implement retrofitting – greening 
existing buildings (e.g. upgrade to 
higher standards) 
Site quality Indoor air quality Ensure indoor air quality at buildings 
Outdoor air quality Ensure outdoor air quality at buildings 
SUMMARY, CONCLUSIONS AND RECOMMENTATIONS CHAPTER 5 
 
106 
 
Factor Building aspect Building guideline 
Material resource 
management and 
recycling 
Select material resources to facilitate 
sustainability (e.g. green materials or 
ISO approved materials) 
Recycling material and waste where 
possible (e.g. grey water systems) 
Rating systems Use Green Star rating systems (rating 
system of Green Building South Africa)  
Carbon neutrality  Reduce carbon footprint  
Green or living roofs Use green or living roofs 
Waste Dispose of waste to achieve 
sustainability (e.g. recycle processes) 
Site/Land management, 
renovation and 
conservation 
Select  the site / land on which the 
university is situated to enhance 
sustainability (e.g. urban design 
framework or master plan) 
Project 
Management 
Project commitment  Ensure project commitment by all 
stakeholders (e.g. buy in from top 
management) 
Project communication Communicate effectively to all 
stakeholders (e.g. sign off by top 
management) 
Relevant partnerships  Ensure buy-in for projects from all 
stakeholders  
Campus community 
engagement 
Engage the campus community when 
starting green projects (selective 
engagement) 
  
Table 5.1 shows that 24 green building guidelines were developed from 17 green 
building aspects and that they could be grouped into five factors.  This proposed 
set of green guidelines could be further investigated empirically in future studies. 
 
To implement these green building guidelines at Nelson Mandela Metropolitan 
University, the following steps are suggested: 
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 Start with the design and development of a green building policy which  
focuses on the guidelines 
 Consult with stakeholders around this policy 
 Approval of policy 
 Implement the policy in the various departments 
 
It should be noted that any such implementation could only be successful if top 
management support the initiatives and if it receives the proper institutional 
support. 
 
5.3.4 General conclusions and recommendations 
 
The data gathered by this study is valuable and could be utilised by the university 
to develop and implement the proposed green building guidelines. Workshops and 
seminars are some of the many tools of engagement that could be utilised to 
further shape the proposed green building guidelines for  Nelson Mandela 
Metropolitan University.  
 
Private partnerships could be used to fund and enhance the awareness of green 
building guidelines.  Student and staff awareness projects are also needed to 
make the implementation of green building guidelines successful.  However, the 
most important factor that would ensure the successful implementation of green 
building guidelines is the commitment from all role-players to change.   
 
Finally, the study showed that the current Built Environment course 
curricula/programmes at Nelson Mandela Metropolitan University do not 
adequately prepare students to be aware of the need for and importance of green 
buildings as very few students indicated that they had received training in these 
topics.  It is suggested that special attention should be placed on green buildings 
when designing programmes for students in the Built Environment. 
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5.4 RESEARCH OBJECTIVES AND QUESTIONS 
This section outlines how the research objectives were met in this study and how 
the research questions were answered.  
 
5.4.1 Meeting the primary objectives of the study 
 
The primary objective of this research was to develop a set of guidelines for green 
buildings at Nelson Mandela Metropolitan University.  This study developed a set 
of guidelines for green buildings and this set of guidelines was outlined in section 
5.3.3 and shown in Table 5.1. 
 
5.4.2 Meeting the secondary objectives of the study 
 
The following secondary objectives were addressed in the study: 
 
To conduct a literature review on the guidelines for green buildings at 
universities in international and local contexts 
 
Chapter 2 of this study provided a literature overview on green buildings and 
concluded with a proposed set of 24 green building guidelines: 
 
To collect secondary data of guidelines for green buildings at South African 
universities from the university websites 
 
In Chapter 3, the websites of South African universities were content analysed and 
it was established that none of the websites provided any green guidelines for 
buildings.  However, four categories of green initiatives reported on the website 
were identified. 
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To develop a set of proposed guidelines for green buildings at universities 
(proposed framework) 
 
Using the 17 proposed aspects for green buildings in Chapter 2 and considering 
the results of the content analysis of the websites of South African universities, a 
measuring instrument was developed that would investigate the perceptions of 
respondents on the importance and implementation of the green building 
guidelines at  Nelson Mandela Metropolitan University.  In total, 24 guidelines 
(variables) were included in the measuring instrument (questionnaire). 
 
To investigate the perceptions of different stakeholders on the proposed 
green building guidelines for Nelson Mandela Metropolitan University by 
means of empirical data 
 
A purposeful convenience sample of 150 respondents was used to empirically 
investigate the respondents’ perceptions on the importance and implementation of 
green building guidelines at Nelson Mandela Metropolitan University.  From the 
results of the study, a proposed set of green building guidelines could be 
recommended.  
 
5.4.3 Answering the research questions in the study 
 
The answers to the research questions in this study are: 
  
What guidelines exist for green buildings at universities? 
The literature review showed that there was general agreement on the key issues 
included in green building guidelines in international contexts.  Green building 
rating systems also exist that set standards for green buildings and are an 
objective assessment to determine how green a building is.  Green building rating 
systems normally provide green measures to be incorporated into a building to 
make it green. A critical analysis of existing cases of green building guidelines in 
Hong Kong by Lam et al. (2010);  in India by Potbhare (2008); in North America by 
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WBGC (2008); in China by Tan (2010), and in Australia by the Green Building 
Council Australia (2011), indicated that none of the green building guidelines were 
applied in all the countries.  However, criteria such as procedures to minimise 
pollution during construction, protection measures for vulnerable parties/structure, 
indoor and outdoor air quality, applicable published code of practice, additional 
acceptance tests on completion of work to verify green effects and water efficiency 
were applied by four of the five countries and were thus seen to be important in 
the international context.  
Do South African universities implement green building guidelines? 
 
Content analysis of South African university websites has shown that information 
available regarding green buildings is limited. Only two universities, namely, the 
University of Cape Town and the University of Pretoria, reported that they had a 
green building. None of the universities posted guidelines for green buildings on 
their websites, therefore, it could not be ascertained whether they had such 
guidelines and how they compared with the rating systems found in the literature.    
 
This content analysis of websites in South Africa did not produce any specific 
green building guidelines to add to the 17 aspects for green building identified in 
the literature, but the results showed that there was a great need to develop such 
guidelines, and that the South African university sector was indeed faced with a 
great challenge in this area.   
 
Which guidelines for green buildings could be used as benchmarks for 
universities in South Africa? 
 
Twenty-four green building guidelines were proposed for universities in South 
Africa, namely: 
 
a) Apply sustainability criteria in the design of buildings  
b) Apply principles of durability in building designs 
c) Design buildings such that they require low levels of maintenance or 
SUMMARY, CONCLUSIONS AND RECOMMENTATIONS CHAPTER 5 
 
111 
 
are maintenance free  
d) Ensure sustainable building operations 
e) Make provision for renewable energy in buildings (e.g. heat pumps, 
solar panels) 
f) Save energy in general (e.g. timers) 
g) Use water efficiently (e.g. grey water systems or reservoir tanks) 
h) Consider renovations of buildings to ensure sustainability (e.g. using 
durable materials or recycled materials) 
i) Ensure conservation of buildings 
j) Develop the building envelope (upgrade existing buildings) 
k) Implement retrofitting – greening existing buildings (e.g. upgrade to 
higher standards) 
l) Ensure indoor air quality at buildings 
m) Ensure outdoor air quality at buildings 
n) Select material resources to facilitate sustainability (e.g. green 
materials or ISO approved materials) 
o) Recycling material and waste where possible (e.g. grey water 
systems) 
p) Use Green Star rating systems (rating system of Green Building South 
Africa)  
q) Reduce carbon footprint  
r) Use green or living roofs 
s) Dispose of waste to achieve sustainability (e.g. recycle processes) 
t) Select  the site / land on which the university is situated to enhance 
sustainability (e.g. urban design framework or master plan) 
u) Ensure project commitment by all stakeholders (e.g. buy in from top 
management) 
v) Communicate effectively to all stakeholders (e.g. sign off by top 
management) 
w) Ensure buy-in for projects from all stakeholders  
x) Engage the campus community when starting green projects (selective 
engagement) 
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What are the perceptions of different stakeholders of Nelson Mandela 
Metropolitan University regarding the guidelines for green buildings? 
 
The descriptive statistics showed that most building guidelines were perceived as 
important, but difficult to implement. The building guideline that was ranked the 
most important included the design of buildings so that they required low levels of 
maintenance or was maintenance free.  The building guideline that was ranked the 
easiest to implement was to save energy in general. 
  
The gap between the respondents’ perceptions of the importance of green building 
guidelines and the implementation thereof was found to be large and statistically 
significant.  Correlation analysis indicated that half the variables showed 
statistically significant correlations with the importance and implementation 
perceptions of green building guidelines and that the correlations were weak. 
 
An analysis of the general questions showed that more students were familiar with 
the requirements of the Green Star rating than staff and that they believed that 
such a rating was achievable. Both students and staff believed that more green 
awareness programmes should be implemented at Nelson Mandela Metropolitan 
University. The majority of respondents (both staff and students) believed that a 
sustainability policy should be developed.  
 
MANOVA analysis showed that only one independent variable revealed a 
statistical difference to the perception of the importance and implementation of 
green building guidelines. The only statistical difference could be found in how 
Grade 12 respondents and post-graduate respondents perceived the importance 
and implementation of green building guidelines.  No statistical significant 
differences could be found between males and females, among various age 
groups and rank in the organisation. 
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5.5 LIMITATIONS OF THE STUDY AND SUGGESTIONS FOR FUTURE 
RESEARCH 
 
The main limitations of this study relate to the convenience sample used in the 
study. This sample restricts the making of generalisations to the whole 
populations, but it at least explores the green building field and provides some 
understanding for the aspect researched. 
 
It is evident that further statistical analyses should be conducted in a follow-up 
study to identify the nature of the differences as well as the relationships further.  
 
Considering this need, there are many green building principles that have not been 
investigated and that may warrant research in the future. These include: 
 To use the proposed set of green building guidelines and to test it using a 
larger and more representative sample 
 To investigate whether the proposed set of green building guidelines could 
be implemented at all South African universities 
 To investigate how green buildings can be maintained at South African 
universities 
 To establish whether these green building guidelines would be usable in the 
African context 
 
5.6 REFLECTIONS OF LEARNING 
 
This study has resulted in the researcher becoming more knowledgeable with 
regard to the numerous components relating to theory on green building guidelines 
and, in particular, the various green rating systems employed in various countries. 
Furthermore, the relevance and subsequent importance of green building 
guidelines has been acknowledged, together with the specific relation to one 
South African university campus. Not only has this research equipped the 
researcher with additional knowledge on the theory of green building guidelines, 
but it has also informed the researcher with regard to mixed research methods, 
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and the design, reporting and analysis of data. It was a journey of great challenge 
to enter the world of academia. 
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ANNEXURE A: TRANSCRIPT OF THE RESULTS OF 
THE CONTENT ANALYSIS 
 
RESULTS OF THE CONTENT ANALYSIS 
TSHWANE UNIVERSITY OF TECHNOLOGY 
Have a focus area namely: Sustainable Built Environments 
 Vision to establish an integrated and highly focused research and 
innovation centre 
 Aim is to contribute towards policies and practices required to design and 
construct sustainable built environmental environments 
 To develop affordable, appropriate, creative and innovative solutions by 
solid research 
 Negative impact on the environment 
 Maximising positive economic and social impact 
 Improve sustainability by exploring urban, building and technological issues 
within the framework of physical, cultural, socio-economic and historical 
realities 
Niche areas are: 
 Society, Space and Sustainability in Mamelodi 
 Defining Sustainable African Urbanism 
 Low-energy architecture 
 Sustainable lodges 
 
2 areas not developed yet – building materials and methods and sustainable 
infrastructure 
Projects 
 Grant to build first green building to start 2010 and finish 2011. 
 Provision of suitable facilities for the Department of Architecture 
 Revitalisation of laboratories and replacement of out dated equipment 
 Building of new green lecturing venues 
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 Energy - green buildings include very little energy and allow for effective 
teaching and learning  
 The non-requirement of artificial lightning and ventilation 
 Cross ventilation of fresh air and natural light from two sides 
 Suitable long, thin wings as well as suitable ceiling design 
 Heating and cooling are done by harnessing solar energy and applying 
natural cooling and heating principles  
 Harvesting of rainwater and solar energy cells will provide the building with 
essential water and electricity  
 Research labs for building materials and methods 
 
RHODES UNIVERSITY 
 
Definition of a green building:  
 Green buildings is called “eco-design”, “environmentally friendly” or  
“sustainable building” 
 Enables sustainable living to be locally appropriate 
 Uses resources efficiently in the positioning, design, construction, 
renovation, operation and eventual demolishing of buildings 
Green Initiatives by Rhodes University 
 Implementation projects on R U GREEN at Rhodes to make community and 
students more environmentally friendly (or greener), also creating jobs. 
o Implementation of green projects 
o Involvement of community and students 
o Environmentally friendly 
o Creates jobs 
 Implementation of Masihlue Project promote and develop job creation 
 Recycling initiatives in Grahamstown: http://thepeoplesrecycling.org/ 
 Working with student council and various organisations like Galela Amanzi 
deals with water issues and recycling thereof 
 Love of water @ Rhodes (flow@R) initiative  
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  Promoting alternative and more sustainable forms of transport through 
walk-to-work wheels, construction, promotion and demonstration of electric 
bicycles 
 Environmental impacts of food available so that community makes more 
responsible choices 
 Environmental representatives within the residence system to help 
implement and introduce environmental initiatives to Rhodes University 
residences  
 
Rhodes University Green Fund and Green Challenge 
 Initiatives by raising funds contribute to the implementation processes of 
Green projects 
o Green fun/run and walk 
o Fun run 2011 
o Fun run 2010 
 Reducing of carbon footprints by better operations and activities that 
contribute to carbon emissions and their implications, and possible ways to 
reduce its carbon emissions and mitigate the negative impacts 
 Establishment of Green Fund by the students to support new initiatives and 
projects 
 Become more environmentally friendly institution 
 Involvement by management (VC) challenged students and stakeholders to 
commit themselves to the Green Fund 
 Purpose of Green Fund is to help reduce carbon footprint in order to 
contribute to environmental sustainability and become environmentally 
friendly 
Aims of Green Fund 
 To support and introduce an energy saving and efficient plant, machinery, 
fixtures and equipment in existing buildings 
 Introduce of energy savings initiatives at new buildings 
 Introduction of plant, machinery and equipment that can reduce 
consumption of carbon fossils and paper 
ANNEXURE A 
 
124 
 
 To promote effective refuse management and the recycling of waste water 
and materials 
Green Fund Challenges 
 To mobilise and implement the University’s constituencies, stakeholders, 
students and academics to buy into the Green Fund 
 Benchmarks will be set to enable the monitoring of progress. 
 Installations of water and electricity metres at all residences 
 Audits will be carried out to regulate these action plans 
Action Plan 
 The environmental committee, supported by experts, to further 
conceptualise design, steer and implement the Green Fun and Green 
Challenge 
o All savings effected to be allocated to Green Fund 
o Facilitate energy savings, reduce carbon emissions, reduce 
consumption of paper and recycling 
o Effect energy savings in divisions 
o Reduce waste and recycle waste 
o Students clubs and societies to charge a small levy towards the 
Green Fund 
o Effect energy savings in residences 
o Effect energy savings in departments 
Specific initiatives that will be considered include 
 Geyser temperature settings to be reduced to 60 degrees. Also the use of 
geyser blankets save up to 22% of the geyser electricity consumption 
 Gradually introducing solar panels for heating and supplying port to low 
voltage systems 
 LED lighting and compact fluorescents. Energy saving light bulbs consume 
80% less electricity 
 Green computers to replace existing computers  
 Replace bar and oil heaters with an energy saving alternative. Should tow-
bar heaters still be in use, one bar to be disabled  
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 Video- and tele–conferencing to replace travelling costs where possible 
 A shuttle service, ultimately electrically-driven, to reduce the number of cars 
travelling to and from campus  
 An effective and safe toxic waste management system- the computers are 
currently disassembled and recycled in Port Elizabeth. The long-term plan 
would involve buying non-toxic products.  
 Recycle paper and print double-sided. Should lecturers upload their hand-
outs onto the RU connected website, paper can be saved as many students 
download the notes onto their computers  
 Reduction of waste with the aim of zero-waste. This operates on the 
principle that everything is re-used and very little recycled 
 Recycling of material where it is impossible for the university to re-use. 
 Rainwater tanks for each department and residence, correctly installed with 
an efficient filtering system. The use of grey water from departments and 
residences to water the grounds and gardens 
 Identify and dedicate a site to composting using vermiculture. Organic 
waste from residences, grounds and gardens can be used for this purpose  
 Rhodes University through EBRI to establish an Integrated Algal Ponding 
system for university sewage treatment 
 Research to continually source alternative green technology 
 Mainstreaming environmental concerns into all curricula across disciplines  
 Establishing a working group to embark on environmental awareness 
campaigns, co-ordinate student environmental activities and conduct 
workshops  
 Controlled use of washing machines and tumble dryers in residences 
 Establishing vegetable gardens for the residences  
 Encouraging and supporting local market gardening and purchasing from 
these suppliers  
 Conscious buying to ensure that all products supplied to Rhodes University 
are environmentally friendly  
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CAPE PENINSULA UNIVERSITY OF TECHNOLOGY  
Focus on students and initiatives 
Green team students 
 Establishment of Green Team on campus 
 Constant clean-ups on environmental issues 
 Keeping city’s beaches clean 
 Vision and mission is to focus on cleaning beaches up 
Student’s present eco-friendly business plans 
 Create or improve on environmental friendly engineering products 
 Create awareness about environmental issues by radio advertisement 
 Energy saving methods such as motion and detection sensors to 
residences  
 Transportation limitations 
 Electricity crisis awareness 
 Water management 
 Global warming 
 Interview with students and staff 
 Involvement with WWF (World Wildlife Foundation) to encourage 
communities, towns and cities to turn off their lights for 1 hour. Sending 
impact message on global warming.  
 Recycling management plans 
 Planting of more trees 
 New projects such as starting a worm bin that will produce compost to be 
sold 
 
Green Radio on Campus 
 
NELSON MANDELA METROPOLITAN UNIVERSITY 
 
 Vision and Mission statement 
 Values and Principles 
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Mission Statement 
 To provide new infrastructure and upgrade facilities in line with the green 
building principles.  
Green Campus Initiative 
 George campus to strive towards more environmentally friendly solutions, 
by reducing consumption of resources and thus impacts on the environment  
 Sustainable living is called Green Campus 
 To minimise carbon and ecological footprints 
 Promoting the efficient use of resources by implementing new technologies 
on campus e.g. solar geysers, rainwater harvesting tanks, and the spatial 
use of grounds  
 Compliance with legislation governing South Africa to minimising the risk of 
environmental damage  
 Sustainable living and impact on the lives of students on the campus 
 
NORTH WEST UNIVERSITY 
Article published by academic that focus on: 
 Green building principles 
 Uses processes in an environmentally responsible and resource-efficient 
manner 
 Design 
 Construction operation 
 Maintenance 
 Renovations 
 Efficiently utilization of resources 
 Creating healthier and more productive environments for people to live and 
work in 
 The use of design, materials and technology to reduce energy and 
resources consumption and create improved human and natural 
environments 
 Green building at North West university – includes building design  
o Reduce heat loads 
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o Maximise natural light 
o Promote circulation of fresh air  
o Use of energy efficient AC units 
o Energy efficient lightning 
o Non-toxic materials 
o Reduction of waste 
o Re-use or recycle materials 
o Water efficient plumbing fittings 
o Water harvesting 
o Renewable energy sources 
Goals of Green Buildings  
Environmental Goals 
 Greenhouse gas emission reduction targets 
 Environmental performance goals such as energy and water conservation, 
renewable energy generation, heat island reduction, water quality and 
storm water run-off, waste reduction and recycling, transportation 
management, human health  
 
Social Goals 
 Increase in affordable housing stock 
 Enhancements that support accessibility’ 
 Local, quality jobs in design 
 
Market adoption goals 
 Number of certified green buildings 
 Annual growth 
 Number of green housing units 
 
Education and Outreach goals 
 Number of staff and industry that received green building training 
 Number of LEED accredited professions 
 Number of site visits to the green building program 
ANNEXURE A 
 
129 
 
 
Financial Goals 
 Operational cost savings 
 Infrastructure operational cost savings 
 Economic development 
Green Building best practice  
 Look at designs that use energy to minimise conversion losses such as 
passive solar heat 
 Consider heat transmissions in all forms (convection, conduction and 
radiation) in selecting building materials 
 Create an effective air barrier and ensure everyone and the building team 
understand  their role 
 Strive for pressure neutral interior minimum requirement 
 In areas of high noise, consider window upgrades, sound barriers and 
alternatives to conventional panelling 
Pointers scored  
Indoor air quality 
 Natural fresh air is provided at rate of 12.5 l/s/person, which equates to a 
150% improvement on SANS 10400-0 5l/s/person 
 Carbon dioxide sensors have been into the return air patch on each floor. 
Thus ensure constant adjustment to fresh air into buildings 
 Glare from natural daylight is reduced by means of a combination of fixed 
external shading devices and internal blinds 
 60% of the offices have a direct line of sight to the outdoors 
 Ambient sound levels do not exceed 45 dbA 
 Voltaic organic compound levels of office interior wall paints, carpets, 
adhesives and sealants are below maximum limits set by Green Star SA 
Office  
 Non-smoking compulsory to all buildings 
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Energy 
 A central plant provides chilled water to fan cool units throughout the 
offices, space saving reduces heat consumption 
 
Transport 
 Number of parking spaces do not exceed minimum local requirements, 1 
bay per 100m2  
 5% parking bays been allocated to alternative fuel and hybrid vehicles 
 Bicycle storage, showers and lockers are provided 
 Mass transport for occupants include mini taxis and municipal busses 
versus individual cars 
 
Water 
 Water efficient sanitary fixtures and fittings 
 Potable water consumptions for landscape irrigation and heat rejection is 
reduced by 90% through water re-use 
 Water meters are installed to all major uses and monitored  
 Use of water-wise planting for landscaping 
 
Materials 
 Dedicated storage area is provided to collect and separate office waste 
 Offices were delivered as an integrated fit out 
 Cost of PVC has been reduced by 30% through use of PVC alternatives 
 10% of contract value is represented by materials produced within 50km of 
the site 
Land and Ecology use 
 Top soil to be protected during construction and then spread over impacted 
areas to a minimum depth of 200mm 
Emissions 
 All refrigerants used must have an ozone depleting potential of zero 
 Outflows to the sewerage systems have been reduced by 50% through the 
implementation of efficient fixtures 
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 External lightning has been designed to achieve the desired effect without 
emitting any light beam directly at any point 
 Storm water attenuation ponds were created to reduce storm water to the 
predevelopment 1 in 10 and 1 in 50 year flood re-currency flows 
 1 in 20 year run-off is effectively retained and filtered for re-use 
 
Website also have details of plan for a new campus library that will be a “green 
building” 
 
UNIVERSITY OF PRETORIA 
New facilities for the School of Engineering. The aim is to: 
 Develop an innovative, environmentally friendly, multi-functional building 
 Inclusion of passive cooling systems 
 Rainwater harvesting 
 AC units by chilled water 
 Variable air volume system 
 Sun screening 
 Natural vegetation racking to enhance the conversion of carbon dioxide 
 Deep-set facades to buildings and passages to promote shading 
 Elimination of direct sun and heat penetration 
 Integration and implementation of international sustainable building 
practices 
 Contribute to consumption of indoor environmental quality 
 Electricity efficiency 
 Natural heat gain by direct sunlight through the external structure 
 Insulation of buildings to cool the buildings during summer and heating the 
buildings during winter months 
 Double glazing or utilizing of performance glass 
 Site orientation 
 Comprehensive sun angles to orientation of buildings, by introducing 
shading measures such as horizontal louvers, metallic vertical mesh 
screens 
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 Framed concrete deep set facades or planted green screens 
 Introducing (BMS) building management systems to control ventilation 
systems 
 Energy efficiency by means of BMS reduces the use of electricity and 
water, fire prevention systems 
 Sanitary fittings will provide economy cycle water closets, taps fitted with 
control values to minimize water flows 
 Energy lighting, automatic control switches 
 Natural light to be introduced 
 Green walling will be created 
 Plants to be irrigated with harvest water 
 Evergreen planting introduced in the habitat on western or eastern sides 
 Reduce parking bays to introduce park and walk environment by students 
and staff 
Rating principles are being utilized at new Engineering building at 
Pretoria University    
Innovative design 
 Design  
 International trends 
 Environmentally friendly 
 Green building principles 
 Innovative design construction 
 Operational practices 
 Reduction or eliminate the impact on environmental occupants 
 Material technology with recycle materials and methods 
 Reduction in energy and resource consumption 
 Improvement to human life cycling costs 
 
Environmentally friendly elements at Pretoria University 
 Performance glass 
 Solar screens 
 Isolation materials 
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 Extensive use of plants 
 Spill-over air 
 Chimney connective systems 
 Natural ventilation  
 Rainwater harvesting systems 
 Chilled water variable air volume systems 
 BMS (building monitor systems) 
 Chilled slab mechanical systems 
 
Power Saving 
 Occupancy sensors (movement sensors) 
 T5 fluorescent lamps 
 PL lamps 
 PV solar panels 
 Heat generated natural sunlight 
 
Construction Material 
 Environmentally friendly material such as clay bricks, glass ceramics, 
organic wood isolation gypsum boarding and envirodeck 
 
Security Features 
 Campus access via 7 lane boomed gate with pedestrian gate-house 
 Parkades from sub-security zone 
 Cross access controlled turnstiles and sluices 
 Additional security cameras (228 cameras) 
 Pay-on-foot parking system 
 
Challenges 
 Site is more than 100 years old and thus unpredictable in terms of 8 metre 
deep excavation 
 High cost in locating and rerouting of existing services 
 Heritage influences 
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 Lane of fever trees to be preserved 
 Construction of living campus is challenging 
Also included on the website are: 
 Research paper on Green IT Strategy 
 New Plant Science Building – 3 large exterior walls that make use of natural 
innovative vegetation to cool the buildings & energy efficient design – 4 to 5 
star rating – to occupy in 2011. 
 
UNISA 
Research on sustainable reporting: 
 Sustainability reporting 
 Facility managers to facilitate and reporting systems 
 Campus planning and design 
 Building construction 
 Waste management control 
 Environmental management 
 Building and grounds maintenance (footprint decrease) 
Sustainability and Facilities Management 
 Reducing cost through energy efficiency 
 Water efficiency savings 
 Savvy waste management 
 Increase occupant health and productivity 
Values of sustainable facilities management 
 Identify to help saving energy, water, materials and money 
 Helps with waste minimization and re-use 
 Identify risks and addresses it 
 Promote organisational learning by awareness campaigns 
Performance indicators 
Environmental 
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 Materials 
 Energy 
 Water 
 Bio-diversity 
 Emissions 
 Effluents waste 
Social 
 Labour practise 
 Human rights 
 Society 
 Product responsibility 
Project of CEMS at UNISA: Go Green and save generations 
Lecturer driven 
 In endorsement of the global “Going Green” movement, CEMS is raising 
awareness and preparing to implement sustainable green practices 
 Support of United Nations Global Compact (UNGC) and the role the 
University is playing in achieving the Millennium Development goals, CEMS 
Going Green commits to principle 8 of the Global Compact which is to 
undertake initiatives to promote greater environmental responsibility and 
goal 7 of the MDG’s which is to ensure environmental sustainability 
What has and will be done through the CEMS Going Green project 
 Mobile phone and charger collection drive was the first initiative that drew 
kindness of UNISA community to patients of Katlahong hospitals 
 Promote sustainable acts and processes  
 Environmental sustainability actions 
 Staff encouraged to wear green to work and do something green and 
sustainable in order to create awareness 
 Green tips, resources links and competitions to promote Going Green 
 All UNISA members will read and sign the “green pledge” as a commitment 
to making a “green difference” 
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Purposes of CEMS 
 To green CEMS, and ultimately, through implementations of sustainable 
practices, where each staff member makes a contribution towards the 
pursuit of carbon neutral lifestyle 
 To introduce sustainability across CEMS curriculums, tuition, research and 
community engagement 
Aims 
 A carbon neutral CEMS 
 Graduates to pursue sustainability  
 Creative networking 
 An engagement scholarly contribution within the field of institutional 
greening 
 
UNIVERSITY OF CAPE TOWN 
 
 Presented a policy framework for responsible resource use and 
environmental sustainability 
 Scope and integration included sustainable planning, development and 
management at UCT 
 Construction in the policy framework targets energy savings, water 
conservation, waste management, re-cycling and reduction in carbon 
emissions 
The policy also includes aspects to reduce/address the following: 
 Environmental issues 
 Environmental sustainability 
 Economic development 
 Poverty reduction 
 Broader improvement in the quality of life 
 Sustainability of growth 
Why a green campus at UCT? 
ANNEXURE A 
 
137 
 
 Placement of processes towards sustainability  
 Core business practises 
 Taking responsibility in global environmental issues 
 Display good environmental practices 
 Consider bottom-line economic factors 
 Student involvement – example 
 Students take lead in the designing in of Green Campus Initiative 
VISION OF UCT GREEN CAMPUS 
 Shift UCT towards carbon neutral sustainable institute 
 Be a connection point between academic and administrative staff and 
students 
THE ROLE OF THE GREEN CAMPUS UNIT 
 Determine total greenhouse gas and footprint 
 Greenhouse gas reduction, prepare and implement GHG reduction project 
where: 
 Prepare a GHG reduction project 
 Prepare GHG inventory as per international standards 
 Reduction of GHG target 
 Prepare and implement GHG reduction projects 
 Develop the use of UCT as a laboratory for educational purposes 
 Develop educational programs that will achieve campus 
environmental impact reduction 
 Research to advise procurement and energy saving incentives 
CARBON TRUST HIGHER EDUCTIOAN CARBON MANAGEMENT 
PROGRAM 
 Primary focus to reduce emissions 
 Practical support in areas such as identifying carbon saving opportunities 
 Develop emissions and reduction implementation plan 
 Provision of analysis reduction implementation plan 
 Provision of analysis software, workshop support for staff and students 
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New Engineering building where construction begin in 2011 – green building 
emphasis on energy and resource efficiency 
Students won award for developing green building management software 
UCT actions to attain green star rating: 
 Buildings under consideration (the new engineering building, Snape, 
Centlivres and the new lecture theatre), will respect the concepts contained 
in the university's sustainability plan. 
 Among other steps towards sustainability, UCT is installing meters in many 
buildings as a first step to monitoring energy use, and has completed a 
report on the university's carbon footprint, published in the SA Journal of 
Energy. UCT has also retrofitted low-energy bulbs, which now make up 
85% of the lighting in campus buildings. 
 Conservation areas in middle campus had been reserved for the Cape Rain 
Frog. The Cottage below the Bremner Building has been renamed 
Breviceps Cottage, to acknowledge the importance of these frogs. 
(Breviceps is a genus of microhylid frogs). The Cottage is in the Green Belt, 
adjacent to the vice-chancellor's residence, Glenara. 
 Another project is a bio-digester that is being tested at Leo Marquard 
Residence, which generates gas that can be fed back into the cooking 
process. 
Many student initiatives to get campus green. 
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ANNEXURE B: THE COVERING LETTER USED IN 
THE EMPIRICAL SURVEY 
 
 
 
 
 
 
26 February 2013 
 
Dear Participant 
  
GUIDELINES FOR GREEN BUILDINGS AT NELSON MANDELA METROPOLITAN UNIVERSITY 
  
You are invited, as a stakeholder of the Nelson Mandela Metropolitan University to take part in the above 
study by completing a questionnaire. This study form part of my MTech in Construction Management. 
 
By completing this questionnaire and taking part in this survey, you will play a valuable role in the 
development of guidelines for green buildings at the NMMU. 
 
The survey will only take a few minutes to complete. The study’s findings will be available in the form of 
a research report, upon request. 
  
Ethical clearance Nr: H13-Eng-CMa-001. 
 
 
Thank you for your time and valuable feedback. 
  
 
 
 
Gerrit Smit 
 
  
For any enquiries or additional information relevant to the study, please contact me via e-mail: 
Gerrit.Smit@nmmu.ac.za 
  
You can also contact my supervisor  
  
Prof Kobus Van Wyk 
 Kobus.vanWyk@nmmu.ac.za 
 
You can also contact my study methodology supervisor (co-supervisor) 
  
Prof Miemie Struwig 
Miemie.struwig@nmmu.ac.za 
  
• PO Box 77000 •  Nelson Mandela Metropolitan University 
• Port Elizabeth • 6031 •  South Africa 
• http://www.nmmu.ac.za/ 
 
• 
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ANNEXURE C: THE QUESTIONNAIRE USED IN 
THE STUDY 
 
INSTRUCTIONS 
- Please read each question carefully. 
- Please complete the whole questionnaire. 
- PLEASE NOTE:  This questionnaire will not be analysed on an individual basis – 
it is therefore important that you provide honest answers. 
 
SECTION A: BIOGRAPHICAL DETAILS 
 
PLEASE INDICATE YOUR RESPONSE BY MAKING A “X” AT THE APPROPRIATE 
NUMBER / OPTION. 
 
1.  Gender                  
Male 1 
Female 2 
 
2.  Age 
18 - 24 years 1  35 - 44 years 3  55 - 64 years 5 
25 - 34 years 2 45 - 54 years 4 Over 64 years 6 
 
3.  Education 
Grade 11 or less 1  Bachelor’s degree 5 
Grade 12 or equivalent 2  Postgraduate degree (e.g. 
Honours/Masters/MBA) 
6 
National certificate or 
Diploma 
  3 
   
 
4.  Did you do any formal education or training on green buildings? 
Yes 1 
No 2 
Not sure 3 
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5.  Function or position in the business 6. Which of the following Nelson Mandela 
      Metropolitan University stakeholder groups 
       do you belong to? 
Director level and above 1  
Vice-director level 2  Academic Staff 1 
Managerial level 3  Administration 2 
Employee level 4  Support Staff 3 
Student 5  Students 4 
Other 
Please specify: 
 
………………………………… 
 
6 
 Contractors 5 
 Other 
Please specify: 
 
………………………………… 
 
6 
 
SECTION B: IMPORTANCE OF GUIDELINES FOR GREEN 
BUILDINGS AT THE NELSON MANDELA METROPOLITAN 
UNIVERSITY 
 
On a scale of 1 (NOT AT ALL important) to 5 (EXTREMELY important), to what extent 
do you believe the following guidelines for green buildings are important?  
 
PLEASE INDICATE YOUR RESPONSE BY CIRCLING THE APPROPRIATE NUMBER  
 
 
Guidelines for green 
buildings: 
 
Not at all 
important 
Not 
important 
Important 
Very 
important 
 
Extremely 
important 
1 Apply sustainability 
criteria in the design of 
buildings  
1 2 3 4 5 
2 Apply principles of 
durability in building 
designs 
1 2 3 4 5 
3 Design buildings such 
that they require low 
levels of maintenance 
or are maintenance 
free  
1 2 3 4 5 
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Guidelines for green 
buildings: 
 
Not at all 
important 
Not 
important 
Important 
Very 
important 
 
Extremely 
important 
4 Ensure sustainable 
building operations 
1 2 3 4 5 
5 Make provision for 
renewable energy in 
buildings (e.g. heat 
pumps, solar panels) 
1 2 3 4 5 
6 Save energy in general 
(e.g. timers) 
1 2 3 4 5 
7 Select  the site / land 
on which the university 
is situated to enhance 
sustainability (e.g. 
urban design 
framework or master 
plan) 
1 2 3 4 5 
8 Consider renovations of 
buildings to ensure 
sustainability (e.g. 
using durable materials 
or recycled materials) 
1 2 3 4 5 
9 Ensure conservation of 
buildings 
1 2 3 4 5 
10 Use water efficiently 
(e.g. grey water 
systems or reservoir 
tanks) 
1 2 3 4 5 
11 Ensure indoor air 
quality at buildings 
1 2 3 4 5 
12 Ensure outdoor air 
quality at buildings 
1 2 3 4 5 
13 Select material 
resources to facilitate 
sustainability (e.g. 
green materials or ISO 
approved materials) 
1 2 3 4 5 
14 Recycling material and 
waste where possible 
(e.g. grey water 
systems) 
1 2 3 4 5 
15 Use Green Star Rating 
Systems (rating system 
of Green Building 
South Africa)  
1 2 3 4 5 
16 Develop the building 
envelope (upgrade 
existing buildings) 
1 2 3 4 5 
17 Ensure project 1 2 3 4 5 
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Guidelines for green 
buildings: 
 
Not at all 
important 
Not 
important 
Important 
Very 
important 
 
Extremely 
important 
commitment by all 
stakeholders (e.g. buy 
in from top 
management) 
18 Communicate 
effectively to all 
stakeholders (e.g. sign 
off by top management) 
1 2 3 4 5 
19 Ensure buy-in for 
projects from all 
stakeholders  
1 2 3 4 5 
20 Engage the Campus 
Community when 
starting green projects 
(selective engagement) 
1 2 3 4 5 
21 Implement Retrofitting 
– greening existing 
buildings (e.g. upgrade 
to higher standards) 
1 2 3 4 5 
22 Reduce carbon 
footprint 
1 2 3 4 5 
23 Use green or living 
roofs 
1 2 3 4 5 
24 Dispose of waste to 
achieve sustainability 
(e.g. recycle 
processes) 
1 2 3 4 5 
 
List five, by using the appropriate number, of the above guidelines for green buildings that 
you consider the most important to the Nelson Mandela Metropolitan University (nr 1 
being the most important guideline): 
 
1. _________________________________________________________________     
 
2. _________________________________________________________________ 
 
3. _________________________________________________________________    
 
4. _________________________________________________________________ 
 
5. _________________________________________________________________ 
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SECTION C: IMPLEMENTATION OF GUIDELINES FOR GREEN 
BUILDINGS 
 
On a scale of 1 (NOT AT ALL POSSIBLE to implement) to 5 (VERY EASY to 
implement) can the Nelson Mandela Metropolitan University implement the following 
guidelines for green buildings considering its financial (budget) limitations  
 
PLEASE INDICATE YOUR RESPONSE BY CIRCLING THE APPROPRIATE NUMBER  
 
 
 
Guidelines for green 
buildings: 
 
Not at all 
possible to 
implement 
Difficult to 
implement 
May be 
implemented 
Easy to 
implement 
 
Very easy 
to 
implement 
1 Apply 
sustainability 
criteria in the 
design of 
buildings  
1 2 3 4 5 
2 Apply 
principles of 
durability in 
building 
designs 
1 2 3 4 5 
3 Design 
buildings such 
that they 
require low 
levels of 
maintenance or 
are 
maintenance 
free  
1 2 3 4 5 
4 Ensure 
sustainable 
building 
operations 
1 2 3 4 5 
5 Make provision 
for renewable 
energy in 
buildings (e.g. 
heat pumps, 
solar panels) 
1 2 3 4 5 
6 Save energy in 
general (e.g. 
timers) 
1 2 3 4 5 
7 Select  the site 1 2 3 4 5 
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Guidelines for green 
buildings: 
 
Not at all 
possible to 
implement 
Difficult to 
implement 
May be 
implemented 
Easy to 
implement 
 
Very easy 
to 
implement 
/ land on which 
the university is 
situated to 
enhance 
sustainability 
(e.g. urban 
design 
framework or 
master plan) 
8 Consider 
renovations of 
buildings to 
ensure 
sustainability 
(e.g. using 
durable 
materials or 
recycled 
materials) 
1 2 3 4 5 
9 Ensure 
conservation of 
buildings 
1 2 3 4 5 
10 Use water 
efficiently (e.g. 
grey water 
systems or 
reservoir tanks) 
1 2 3 4 5 
11 Ensure indoor 
air quality at 
buildings 
1 2 3 4 5 
12 Ensure outdoor 
air quality at 
buildings 
1 2 3 4 5 
13 Select material 
resources to 
facilitate 
sustainability 
(e.g. green 
materials or 
ISO approved 
materials) 
1 2 3 4 5 
14 Recycling 
material and 
waste where 
possible (e.g. 
grey water 
systems) 
1 2 3 4 5 
15 Use Green Star 1 2 3 4 5 
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Guidelines for green 
buildings: 
 
Not at all 
possible to 
implement 
Difficult to 
implement 
May be 
implemented 
Easy to 
implement 
 
Very easy 
to 
implement 
Rating 
Systems (rating 
system of 
Green Building 
South Africa)  
16 Develop the 
building 
envelope 
(upgrade 
exciting 
buildings) 
1 2 3 4 5 
17 Ensure project 
commitment by 
all stakeholders 
(e.g. buy in 
from top 
management) 
1 2 3 4 5 
18 Communicate 
effectively to all 
stakeholders 
(e.g. sign off by 
top 
management) 
1 2 3 4 5 
19 Ensure buy-in 
for projects 
from all 
stakeholders  
1 2 3 4 5 
20 Engage the 
Campus 
Community 
when starting 
green projects 
(selective 
engagement) 
1 2 3 4 5 
21 Implement 
Retrofitting – 
greening 
existing 
buildings (e.g. 
upgrade to 
higher 
standards) 
1 2 3 4 5 
22 Reduce carbon 
footprint  
1 2 3 4 5 
23 Use green or 
living roofs 
1 2 3 4 5 
24 Dispose of 
waste to 
1  2 3 4 5 
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Guidelines for green 
buildings: 
 
Not at all 
possible to 
implement 
Difficult to 
implement 
May be 
implemented 
Easy to 
implement 
 
Very easy 
to 
implement 
achieve 
sustainability 
(e.g. recycle 
processes) 
 
List five, by using the appropriate number, of the above guidelines for green buildings that 
you consider should be implemented first by the Nelson Mandela Metropolitan University 
(nr 1 being the most urgent to implement): 
 
1. _________________________________________________________________ 
 
 
2. _________________________________________________________________ 
 
 
3. _________________________________________________________________ 
 
 
4. _________________________________________________________________ 
 
 
5. _________________________________________________________________ 
 
SECTION D: GENERAL QUESTIONS 
 
1. Are you familiar with the requirements of the green star rating system that is used 
by universities in South Africa? 
 
  
Yes No Not Sure 
 
 
2. Do you think that the Green Star Rating System is indeed achievable for the 
Nelson Mandela Metropolitan University? 
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Yes No Not Sure 
 
3. Do you think the Nelson Mandela Metropolitan University must implement more 
green awareness programmes? 
 
 
Yes No Not Sure 
 
4. Should students be part of the development of green initiatives to assist the 
Nelson Mandela Metropolitan University to become a more sustainable campus? 
 
 
Yes No Not Sure 
 
5. Should the Nelson Mandela Metropolitan University develop a policy regarding the 
sustainability of the campus? 
 
Yes No Not Sure 
 
 
  
Thank you for your contribution and efforts directed towards enhancing green 
building guidelines at the Nelson Mandela Metropolitan University 
 
 
Thank you for your time and effort! 
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ANNEXURE D: RESULTS OF THE FREQUENCIES 
OF ALL RESPONSES TO THE STUDY 
 
SECTION A: BIOGRAPHICAL DETAILS 
1.  Gender                  
Male 73.5% 
Female 26.5% 
 
2.  Age 
18 - 24 years 57.
5% 
 35 - 44 years 10.
5% 
 55 - 64 years 5% 
25 - 34 years 16% 45 - 54 years 
11
% Over 64 years 0% 
 
3.  Education 
Grade 11 or less 1%  Bachelor’s degree 0 
Grade 12 or equivalent 33%  Postgraduate degree (e.g. 
Honours/Masters/MBA) 
23% 
National certificate or 
Diploma 
  
43% 
   
 
4.  Did you do any formal education or training on green buildings? 
Yes 8% 
No 81% 
Not sure 11% 
 
5.  Function or position in the business 6. Which of the following 
Nelson Mandela Metropolitan 
University stakeholder groups to 
you belong to? 
Director level and above 9%  
Vice-director level 5%  Academic Staff 6% 
Managerial level 6%  Administration 10% 
Employee level 16%  Support Staff 13% 
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Student 61%  Students 66% 
Other 
Please specify: 
 
3% 
 Contractors 1% 
 Other 
Please specify: 
4% 
 
SECTION B: IMPORTANCE OF GUIDELINES FOR GREEN 
BUILDINGS AT THE NELSON MANDELA METROPOLITAN 
UNIVERSITY 
 
 
Guidelines for green 
buildings: 
 
Not at all 
important 
Not 
important 
Important 
Very 
important 
Extremely 
important 
1 Apply sustainability 
criteria in the design of 
buildings  
1% 2% 27% 35% 35% 
2 Apply principles of 
durability in building 
designs 
0% 3% 13% 39% 45% 
3 Design buildings such that 
they require low levels of 
maintenance or are 
maintenance free  
0% 2% 17% 34% 47% 
4 Ensure sustainable 
building operations 
1% 2% 24% 45% 28% 
5 Make provision for 
renewable energy in 
buildings (e.g. heat 
pumps, solar panels) 
0% 1% 16% 33% 50% 
6 Save energy in general 
(e.g. timers) 
0% 0% 16% 27% 57% 
7 Select  the site / land on 
which the university is 
situated to enhance 
sustainability (e.g. urban 
design framework or 
master plan) 
0% 6% 46% 33% 
 
15% 
8 Consider renovations of 
buildings to ensure 
sustainability (e.g. using 
durable materials or 
recycled materials) 
0% 4% 30% 38% 28% 
9 Ensure conservation of 
buildings 
0% 6% 41% 31% 22% 
10 Use water efficiently (e.g. 
grey water systems or 
reservoir tanks) 
0% 1% 17% 33% 49% 
11 Ensure indoor air quality 
at buildings 
0% 1% 20% 35% 44% 
12 Ensure outdoor air quality 0% 8% 35% 32% 25% 
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Guidelines for green 
buildings: 
 
Not at all 
important 
Not 
important 
Important 
Very 
important 
Extremely 
important 
at buildings 
13 Select material resources 
to facilitate sustainability 
(e.g. green materials or 
ISO approved materials) 
0% 6% 30% 38% 
 
26% 
14 Recycling material and 
waste where possible 
(e.g. grey water systems) 
1% 4% 22% 40% 33% 
15 Use Green Star Rating 
Systems (rating system of 
Green Building South 
Africa)  
2% 7% 35% 28% 
 
28% 
16 Develop the building 
envelope (upgrade 
existing buildings) 
0% 6% 42% 39% 13% 
17 Ensure project 
commitment by all 
stakeholders (e.g. buy in 
from top management) 
2% 10% 26% 37% 
 
25% 
18 Communicate effectively 
to all stakeholders (e.g. 
sign off by top 
management) 
1% 7% 32% 32% 
 
28% 
19 Ensure buy-in for projects 
from all stakeholders  
3% 12% 47% 22% 16% 
20 Engage the Campus 
Community when starting 
green projects (selective 
engagement) 
2% 9% 40% 31% 18% 
21 Implement Retrofitting – 
greening existing 
buildings (e.g. upgrade to 
higher standards) 
1% 6% 46% 34% 
 
13% 
22 Reduce carbon footprint  0% 2% 25% 29% 44% 
23 Use green or living roofs 2% 16% 33% 31% 18% 
24 Dispose of waste to 
achieve sustainability 
(e.g. recycle processes) 
1% 2% 21% 40% 36% 
 
List five, by using the appropriate number, of the above guidelines for green buildings that 
you consider the most important to the Nelson Mandela Metropolitan University (nr 1 
being the most important guideline): 
 
 3 Design buildings such that they require low levels of maintenance  
 
____________________________________________________________________     
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5  Make provision for renewable energy in buildings (e.g. heat pumps, solar 
panels) 
 
____________________________________________________________________ 
 
6  Save energy in general (e.g. timers) 
 
____________________________________________________________________    
 
10  Use water efficiently (e.g. grey water systems or reservoir tanks) 
 
____________________________________________________________________ 
 
22  Reduce carbon footprint 
 
___________________________________________________________________ 
 
SECTION C: IMPLEMENTATION OF GUIDELINES FOR GREEN 
BUILDINGS 
 
 
 
Guidelines for green 
buildings: 
 
Not at all 
possible to 
implement 
Difficult to 
implement 
May be 
implemented 
Easy to 
implement 
 
Very easy 
to 
implement 
1 Apply 
sustainability 
criteria in the 
design of 
buildings  
1% 11% 49% 27% 12% 
2 Apply principles 
of durability in 
building designs 
1% 4% 40% 42% 13% 
3 Design buildings 
such that they 
require low 
levels of 
maintenance or 
are 
maintenance 
free  
2% 22% 36% 30% 10% 
4 Ensure 
sustainable 
building 
operations 
0% 10% 53% 33% 4% 
5 Make provision 0% 4% 38% 42% 16% 
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Guidelines for green 
buildings: 
 
Not at all 
possible to 
implement 
Difficult to 
implement 
May be 
implemented 
Easy to 
implement 
 
Very easy 
to 
implement 
for renewable 
energy in 
buildings (e.g. 
heat pumps, 
solar panels) 
6 Save energy in 
general (e.g. 
timers) 
0% 5% 26% 36% 33% 
7 Select  the site / 
land on which 
the university is 
situated to 
enhance 
sustainability 
(e.g. urban 
design 
framework or 
master plan) 
3% 22% 38% 26% 11% 
8 Consider 
renovations of 
buildings to 
ensure 
sustainability 
(e.g. using 
durable 
materials or 
recycled 
materials) 
0% 17% 51% 26% 6% 
9 Ensure 
conservation of 
buildings 
0% 8% 55% 32% 5% 
10 Use water 
efficiently (e.g. 
grey water 
systems or 
reservoir tanks) 
1% 8% 32% 43% 16% 
11 Ensure indoor 
air quality at 
buildings 
0% 11% 32% 40% 17% 
12 Ensure outdoor 
air quality at 
buildings 
5% 22% 35% 27% 11% 
13 Select material 
resources to 
facilitate 
sustainability 
(e.g. green 
materials or ISO 
0% 15% 46% 34% 5% 
ANNEXURE D 
 
154 
 
 
Guidelines for green 
buildings: 
 
Not at all 
possible to 
implement 
Difficult to 
implement 
May be 
implemented 
Easy to 
implement 
 
Very easy 
to 
implement 
approved 
materials) 
14 Recycling 
material and 
waste where 
possible (e.g. 
grey water 
systems) 
0% 10% 30% 35% 25% 
15 Use Green Star 
Rating Systems 
(rating system 
of Green 
Building South 
Africa)  
0% 12% 49% 21% 18% 
16 Develop the 
building 
envelope 
(upgrade 
exciting 
buildings) 
1% 21% 50% 23% 5% 
17 Ensure project 
commitment by 
all stakeholders 
(e.g. buy in from 
top 
management) 
2% 18% 45% 28% 
 
7% 
18 Communicate 
effectively to all 
stakeholders 
(e.g. sign off by 
top 
management) 
1% 13% 44% 31% 11% 
19 Ensure buy-in 
for projects from 
all stakeholders  
2% 24% 51% 17% 6% 
20 Engage the 
Campus 
Community 
when starting 
green projects 
(selective 
engagement) 
1% 13% 33% 35% 18% 
21 Implement 
Retrofitting – 
greening 
existing 
buildings (e.g. 
upgrade to 
1% 26% 53% 17% 3% 
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Guidelines for green 
buildings: 
 
Not at all 
possible to 
implement 
Difficult to 
implement 
May be 
implemented 
Easy to 
implement 
 
Very easy 
to 
implement 
higher 
standards) 
22 Reduce carbon 
footprint  
2% 31% 47% 13% 7% 
23 Use green or 
living roofs 
2% 25% 49% 19% 5% 
24 Dispose of 
waste to 
achieve 
sustainability 
(e.g. recycle 
processes) 
2% 7% 42% 33% 
16% 
 
 
 
List five, by using the appropriate number, of the above guidelines for green buildings that 
you consider should be implemented first by the Nelson Mandela Metropolitan University 
(nr 1 being the most urgent to implement): 
 
6 Save energy in general (e.g. timers) 
 
____________________________________________________________________   
 
10 Use water efficiently (e.g. grey water systems or reservoir tanks) 
 
____________________________________________________________________ 
 
22 Reduce carbon footprint 
 
 ____________________________________________________________________    
 
14 Recycling material and waste where possible (e.g. grey water systems) 
 
____________________________________________________________________ 
 
1 & 5  Apply sustainability criteria in the design of buildings 
Make provision for renewable energy in buildings (e.g. heat pumps, solar 
panels) 
 
____________________________________________________________________     
 
ANNEXURE D 
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SECTION D: GENERAL QUESTIONS 
Are you familiar with the requirements of the green star rating system that is used by 
universities in South Africa? 
 
  
Yes  24% No  53% Not Sure   23% 
 
Do you think that the Green Star Rating System is indeed achievable for the Nelson 
Mandela Metropolitan University? 
 
 
Yes  47% No  8% Not Sure  45% 
 
Do you think the Nelson Mandela Metropolitan University must implement more green 
awareness programmes? 
 
 
Yes   94% No  3% Not Sure  3% 
 
Should students be part of the development of green initiatives to assist the Nelson 
Mandela Metropolitan University to become a more sustainable campus? 
 
 
Yes   94% No   5% Not Sure  1% 
 
Should the Nelson Mandela Metropolitan University develop a policy regarding the 
sustainability of the campus? 
 
Yes   90% No   5% Not Sure   5% 
 
